
Printed by Jouve, 75001 PARIS (FR)

Europäisches Patentamt

European Patent Office

Office européen des brevets

(19)

E
P

1 
57

7 
71

2
A

2
*EP001577712A2*
(11) EP 1 577 712 A2

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication:
21.09.2005 Bulletin 2005/38

(21) Application number: 05005968.2

(22) Date of filing: 18.03.2005

(51) Int Cl.7: G03G 15/01

(84) Designated Contracting States:
AT BE BG CH CY CZ DE DK EE ES FI FR GB GR
HU IE IS IT LI LT LU MC NL PL PT RO SE SI SK TR
Designated Extension States:
AL BA HR LV MK YU

(30) Priority: 18.03.2004 JP 2004078276
18.03.2004 JP 2004078277
18.03.2004 JP 2004078278

(71) Applicant: SEIKO EPSON CORPORATION
Tokyo 160-0811 (JP)

(72) Inventors:
• Yamada, Yoichi, Seiko Epson Corp.

Suwa-shi Nagano-ken 392-8502 (JP)
• Ikuma, Ken, Seiko Epson Corp.

Suwa-shi Nagano-ken 392-8502 (JP)

(74) Representative: HOFFMANN EITLE
Patent- und Rechtsanwälte
Arabellastrasse 4
81925 München (DE)

(54) Image forming apparatus

(57) An image forming apparatus includes develop-
ment cartridges (37) which develop an electrostatic la-
tent image with toner, a rotary unit (33) provided with the
developing cartridges, an intermediate transfer belt (34)
which receives the toner image, and a controller. A
length of the intermediate transfer belt is set such that
a length of the image forming region is corresponded to
a length of a set recording medium having a predeter-
mined size and a length of the non-image forming region
is corresponded to a distance between a rear end of the
preceding one of the set recording mediums and the
front end of the subsequent one. A rotational movement
period of the intermediate transfer belt corresponding to
the length of the non-image forming region is equal to
or greater than a time required for switching the devel-
oping cartridges. The controller performs an switching
operation of the developing cartridges in accordance
with a size of a recording medium.
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Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates to an image forming apparatus and, more particularly, to an image forming
apparatus in which image formation is performed such that a toner image formed on a surface of a carrier is transferred
to an intermediate transfer belt for transferring the toner image to recording medium.
[0002] Also, the present invention relates to an image forming apparatus and, more particularly, to an image forming
apparatus that performs image formation while rotary revolving a plurality of developing cartridges.
[0003] Conventionally, there is known an image forming apparatus of electrophotographic recording mode that ex-
poses and forms an electrostatic latent image on a surface of a carrier made of a photoreceptor. In this image forming
apparatus, a toner image, which is obtained by toner developing the electrostatic latent image and carried on the carrier
surface, is transferred to recording medium such as recording paper, thus providing image formation. This electrostatic
latent image is toner developed such that a developing roller opposed to the carrier surface is rotated to transfer and
affix, to the carrier surface, toner on the surface of the developing roller. This developing roller is supplied with toner
as a supply roller rotating in a toner storing space rotates in press contact therewith.
[0004] As this image forming apparatuses adopting the electrophotographic recording mode, there is an apparatus
configured capable of housing in a rotary unit a plurality of developing cartridges that each include a container for
storing toner therein together with the developing roller opposed to the carrier and the supply roller. In this image
forming apparatus, the developing cartridge can be switched to be set at a developing position opposed to the carrier
by rotating the rotary unit about a rotational shaft.
[0005] Consequently, such an image forming apparatus is configured capable of housing in the rotary unit (attaching
to the rotary unit) developing cartridges storing toners of yellow (Y), magenta (M), cyan (C), and black (K) as the
developing cartridges for affixing toner to the carrier surface. Thereby, a color image obtained by overlapping the
individual colors can be formed by sequentially switching the developing cartridges. With this configuration, it is possible
to form a monochrome image formed with toners of a single color, e.g., a black-and-white monochrome image formed
with the toner of black (K) (hereinafter also referred to simply as a monochrome image).
[0006] Besides, it is proposed that the image forming apparatus provided with the rotary unit capable of attaching
thereto a plurality of developing cartridges which stores toners of the same color (mainly black). With this configuration,
the rotary unit is rotated at each timing, such as of when toner runs out, to sequentially switch the developing cartridges
to be put to use. This reduces the frequency of toner replenishing operations, thus making it possible to realize con-
tinuous formation of the monochrome image over a long period (e.g., see JP-A-2002-351190 and JP-A-2003-316106).
[0007] However, such an image forming apparatus of electrophotographic recording mode need maintain image
quality by refreshing, such as agitating, the stored toner in the container. In contrast, to form a color image, the image
forming apparatus including the rotary unit sequentially switches the developing cartridges to be opposed to the carrier.
Therefore, the developing cartridges are inverted upside down with the rotation of the rotary unit for performing this
developing cartridge switching operation. Thereby, toners in the container are once mixed together to appropriately
refresh the stored toner, thus making it possible to maintain image quality (e.g., see JP-A-2002-351190).
[0008] However, to form a monochrome image, the same developing cartridge is continuously used. Therefore, to
perform an image forming operation (developing operation) in succession, there is a need to provide an agitating
(adjusting) member and refreshing the stored toner during the operation.
[0009] Besides, as the image forming apparatus provided with the rotary unit, there is an apparatus contrived as
follows. That is, a partition plate for partitioning off a small space in which the supply roller rotates is provided in the
developing cartridge (container). And, the stored toner is appropriately replenished (adjusted) into the space in which
the supply roller operates, thereby preventing toner to be supplied to the developing roller from accumulating around
the supply roller over a long period, thus maintaining image quality with higher reliability. Even with this configuration,
to form a color image, the developing cartridge is inverted upside down with the rotation of the rotary unit during the
developing cartridge switching operation, thereby enabling appropriate replenishment of the stored toner to the space
in which the supply roller operates (e.g., see JP-A-2002-351190).
[0010] However, similarly, to form a monochrome image, the same developing cartridge is continuously used. There-
fore, to perform the image forming operation (developing operation) in succession, there is a need to provide a replen-
ishing member which replenishes the stored toner to the supply roller side during the operation.
[0011] Further, the following can be considered as the adjusting member of agitating and replenishing the stored
toner in the developing cartridge for forming a monochrome image. That is, at the timing of when there arises a need
to adjust the stored toner, for example, when a pre-set amount of image formation is provided, as with color image
formation, the stored toner is appropriately adjusted by rotating the rotary unit to invert the developing cartridge upside
down.
[0012] However, when the same developing cartridge is continuously used to form a monochrome image, the stored
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toner in the developing cartridge is adjusted by rotating the rotary unit, which thus interrupts image formation during
this stored toner adjusting operation. A predetermined amount of image formation is pre-set as a criterion for deter-
mining whether a stored toner adjusting timing is reached or not, in which state this stored toner adjusting operation
need be repeatedly performed each time this amount of image formation is reached.
[0013] Since this criterion of determination as to whether or not to perform the stored toner adjusting operation is
normally set to make allowance, this adjusting operation is sometimes carried out although allowance still remains
before the actual timing of requiring adjustment of the stored toner. For example, even when an image data recording
and forming process is ready to be completed with image formation on one more recording medium, the image formation
is interrupted and the stored toner adjusting operation is forcibly carried out. Consequently, there is the problem of
reducing an image forming speed at which to complete recording and forming of image data, i.e. a so-called throughput.
[0014] Further, as the adjusting member of agitating and replenishing the stored toner in the developing cartridge
for forming a monochrome image, as with color image formation, it can be considered that the stored toner is appro-
priately adjusted by rotating the rotary unit to invert the developing cartridge upside down.
[0015] However, to form a monochrome image, when the stored toner in the developing cartridge is adjusted by
rotating the rotary unit, under a normal image forming control, image formation is interrupted during this stored toner
adjusting operation. This reduces an image forming speed at which to complete the recording and forming of image
data, i.e., a so-called throughput.
[0016] Furthermore, as such an image forming apparatus of electrophotographic recording mode, there is an appa-
ratus configured as follows. That is, the toner image obtained by developing the electrostatic latent image on the carrier
surface is once delivered to an intermediate transfer belt before being transferred to the recording medium. Thus, a
toner image such as a color image is formed on this intermediate transfer belt and thereafter is transferred to the
recording medium to provide image formation (e.g., see JP-A-2002-351190).
[0017] In this image forming apparatus provided with the intermediate transfer belt, the intermediate transfer belt
rotates endlessly in accordance with the transport of the recording medium and the rotation of the carrier (toner image),
whereby the toner image on the carrier surface is received by the intermediate transfer belt and then is transferred
therefrom to the recording medium, thus providing image formation. However, to form a color image, there is a need
to switch the developing cartridge in the course of the rotation of the intermediate transfer belt. Consequently, this
intermediate transfer belt is formed longer than the transport-direction (sub-scan direction) length of the recording
medium (toner image) designed capable of forming the color image thereon, by at least an amount capable of securing
the switching operation period of the aforesaid developing cartridge.
[0018] However, to form a monochrome image, there is no need to switch the developing cartridges. Therefore, a
region of the intermediate transfer belt for securing the developing cartridge switching operation period is not necessary
in carrying out a normal operation.
[0019] Here, for example, A4 size recording paper (recording medium) is in general use in Japan, while recording
paper of slightly larger size than A4 size, i.e. of legal size is also often used in foreign countries. Consequently, it is
convenient if even a color image forming apparatus for A4 size use can be used to form a monochrome image such
as a text on the recording paper of legal size.

SUMMARY OF THE INVENTION

[0020] It is therefore an object of the present invention to provide an image forming apparatus, in which the timing
of carrying out an adjusting operation such as of agitating and replenishing toner stored in developing cartridges is
controlled so as to avoid forcible start of the adjusting operation, thus enabling an improvement in so-called throughput.
[0021] Further, an another object of the invention is to provide an image forming apparatus in which efficient image
formation is realized by effectively utilizing the length of an intermediate transfer belt and by controlling the timing of
adjusting stored toner so as to be able to successively provide image formation, thus enabling an improvement in so-
called throughput.
[0022] Finally, an another object of the invention is to provide an image forming apparatus that is improved in usability
by being configured such that the length of an intermediate transfer belt is effectively utilized to be able to meet demands
on the size of recording paper capable of image formation.
[0023] In order to achieve the above object, according to the present invention, there is provided an image forming
apparatus, comprising:

a carrier on which an electrostatic latent image is formed;
a plurality of development cartridges which develop the electrostatic latent image with toner to form a toner image,
and which store the same color toners;
a rotary unit on which the developing cartridges are mounted around a rotational shaft of the rotary unit, and which
rotates the developing cartridges about the rotational shaft so as to oppose any of the developing cartridges to
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the carrier;
an intermediate transfer belt which receives the toner image formed on the carrier and which moves rotationally
to transfer the toner image to a recording medium; and
a controller which controls a rotation of the rotary unit for switching the developing cartridges and a driving of the
developing cartridges to form the toner image,

wherein the intermediate transfer belt has an image forming region and a non-image forming region;
wherein a length of the intermediate transfer belt is set such that a length of the image forming region is corre-

sponded to a length of a set recording medium having a predetermined size and a length of the non-image forming
region is corresponded to a distance between a rear end of the preceding one of the set recording mediums and the
front end of the subsequent one in the transferring process of the toner image to the recording medium;

wherein a rotational movement period of the intermediate transfer belt corresponding to the length of the non-
image forming region is equal to or greater than a time required for switching the developing cartridges; and

wherein the controller performs an switching operation of the developing cartridges in accordance with a size of
a recording medium for performing an image formation.
[0024] In this invention, whether or not to carry out the developing cartridge switching operation is made to correspond
to the size of the recording medium, whereby the developing cartridge switching operation is carried out in response
to the size of the recording medium to which to provide image formation. Accordingly, the developing cartridges can
be switched within reason, so that the desired image can be agreeably formed on the recording medium.
[0025] Preferably, the controller consecutively forms an image by switching the developing cartridges for each rota-
tion of the intermediate transfer belt when the size of the recording medium for performing the image formation is equal
to or smaller than the set recording medium.
[0026] In this invention, to process the recording medium of set size, the intermediate transfer belt can secure a
region thereof for the developing cartridge switching operation period. Thus, image formation can be provided while
switching the developing cartridges during the period between the preceding and subsequent recording medium for
each rotation of the intermediate transfer belt (after development transfer). Accordingly, it is possible to provide image
formation by frequently switching the plurality of developing cartridges.
[0027] Preferably, the controller consecutively forms an image without switching the developing cartridges when the
size of the recording medium for performing the image formation is greater than the set recording medium.
[0028] In this invention, to process the recording medium that exceeds the set size, the intermediate transfer belt
cannot secure the region thereof for the developing cartridge switching operation period. Thus, image formation is
provided without switching the developing cartridges during the period between the preceding and subsequent record-
ing medium. Accordingly, it is possible to provide image formation, with a toner image held even in the region of the
intermediate transfer belt for securing the developing cartridge switching operation period.
[0029] According to the present invention, there is also provided an image forming apparatus, comprising:

a carrier on which an electrostatic latent image is formed;
a plurality of development cartridges which develop the electrostatic latent image with toner to form a toner image,
and which store different color toners for forming a color image, a multicolor image, or a monochrome image;
a rotary unit on which the developing cartridges are mounted around a rotational shaft of the rotary unit, and which
rotates the developing cartridges about the rotational shaft so as to oppose any of the developing cartridges to
the carrier;
an intermediate transfer belt which receives the toner image formed on the carrier and which moves rotationally
to transfer the toner image to a recording medium; and
a controller which controls a rotation of the rotary unit for switching the developing cartridges and a driving of the
developing cartridges to form the toner image,

wherein the intermediate transfer belt has an image forming region and a non-image forming region;
wherein a length of the intermediate transfer belt is set such that a length of the image forming region is corre-

sponded to a length of a set recording medium having a predetermined size and a length of the non-image forming
region is corresponded to a distance between a rear end of the preceding one of the set recording mediums and the
front end of the subsequent one in the transferring process of the toner image to the recording medium;

wherein a rotational movement period of the intermediate transfer belt corresponding to the length of the non-
image forming region is equal to or greater than a time required for switching the developing cartridges; and

wherein the controller performs an image formation on a recording medium of a size which is greater than the
set recording medium of the size in a monochrome image operation without switching the developing cartridges.
[0030] Preferably, when the image formation on the recording medium of the size which is greater than the set
recording medium of the size in the monochrome image operation is performed, the non-image forming region of the
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intermediate transfer belt receives the toner image for transferring to the recording medium.
[0031] In this invention, the developing cartridges need be switched in order to form the color image, while the de-
veloping cartridges need not necessarily be switched in order to form the monochrome image. Therefore, this permits
the process of forming the monochrome image on larger recording medium than the recording medium of set size
capable of forming the color image thereon. Consequently, it is possible to provide image formation, with a toner image
held even in the region of the intermediate transfer belt for securing the developing cartridge switching operation period,
without switching the developing cartridge during the period between the preceding and subsequent recording medium.
Accordingly, it is possible to form a slightly larger monochrome image than the color image.
[0032] Preferably, the controller adjusts the toner stored for successively forming the image so as to invert the de-
veloping cartridges upside down in accordance with the rotation of the rotary unit.
[0033] In this invention, the developing cartridges are inverted upside down with the rotation of the rotary unit for
switching the developing cartridges, thus performing the stored toner adjusting operation. Accordingly, image formation
can be provided without particularly providing any menber for adjusting the stored toner. Here, to process recording
paper that exceeds the set size, this stored toner adjusting operation need only be performed after performing a pre-
set amount of image formation.
[0034] According to the invention, when the developing cartridges can be switched during the period between the
preceding and subsequent recording medium because the recording medium are of set size or smaller, it is possible
to provide image formation while switching the developing cartridges. On the contrary, even when the developing
cartridges cannot be switched during the period between the preceding and subsequent recording medium because
the recording medium exceed the set size, image information can be provided by permitting formation of a toner image,
without switching the developing cartridges, within the region of the intermediate transfer belt for switching the devel-
oping cartridges.
[0035] Accordingly, it is possible to provide image formation by effectively utilize the length of the intermediate transfer
belt. Thus, a reduction in size can be realized while fulfilling demands on the size of the recording medium to which to
provide image formation to the maximum extent possible and while maintaining an image formation speed (so-called
throughput) and image quality. For example, when the apparatus includes the function of forming a color image by
attaching thereto and sequentially switch developing cartridges storing toner for color image use, the color image can
make it possible to form the desired monochrome image on recording medium of the size that cannot allow for formation
of the monochrome image.
[0036] Furthermore, the stored toner adjusting operation is performed by performing this developing cartridge switch-
ing operation, which can omit the member for adjusting the stored toner so as to allow successive image formation,
thus enabling a reduction in size and cost.
[0037] According to the present invention, there is also provided aAn image forming apparatus, comprising:

a carrier on which an electrostatic latent image is formed;
a plurality of development cartridges which develop the electrostatic latent image with toner to form a toner image;
a rotary unit on which the developing cartridges are mounted around a rotational shaft of the rotary unit, and which
rotates the developing cartridges about the rotational shaft so as to oppose any of the developing cartridges to
the carrier; and
a controller which controls a rotation of the rotary unit for switching the developing cartridges and a driving of the
developing cartridges to form the toner image,

wherein the controller adjusts the toner stored in the developing cartridge for successively forming the image so
as to invert the developing cartridges upside down by rotating the rotary unit based on image forming job information
for executing an image formation.
[0038] In this invention, the timing of starting the stored toner adjusting operation not from an image forming job
processed but from an image forming job to be processed is determined. Accordingly, the operation of adjusting the
stored toner in the developing cartridges is not forcibly started regardless of the image forming job to be carried out,
which makes it possible to avoid an image forming operation from being interrupted without reason.
[0039] Preferably, the image forming job information includes a consumption amount of the toner stored in the de-
veloping cartridge which is positioned at a developing position opposed to the carrier. A margin consumption amount
and a limit consumption amount are set. The limit consumption amount indicates that a toner amount stored in the
developing cartridge is near end amount. The margin consumption amount indicates that the toner amount stored in
the developing cartridge is a toner amount in which a little margin toner amount is added to the limit consumption
amount. When a job toner consumption amount required to execute the image forming job is smaller than the limit
consumption amount even when the job toner consumption amount exceeds the margin consumption amount, the
controller completes the image forming job without performing an operation of adjusting the toner stored in the devel-
oping cartridge.
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[0040] In this invention, once an image forming job is carried out, the operation of adjusting the stored toner in the
developing cartridge is normally started each time the consumption information of the stored toner in the in-use devel-
oping cartridge positioned at the developing position reaches the margin consumption. However, when an amount of
stored toner necessary to complete the image forming job is smaller than or equal to the limit consumption, the operation
of adjusting this stored toner is omitted. Accordingly, it is possible to avoid the image forming operation from being
interrupted at the timing of when the image forming job is to be completed in a little while. When the consumption
information of the stored toner necessary for this image forming job can be divided into pieces smaller than or equal
to the limit consumption, the frequency of interruptions of the image forming operation can also be reduced.
[0041] Preferably, the development cartridges storing different color toners for forming a color image, a multicolor
image, or a monochrome image are mounted on the rotary unit. The controller rotates the rotary unit for one revolution
to perform the operation of adjusting the toner stored in the developing cartridge in the monochrome image formation.
[0042] In this invention, to form a monochrome image in succession without rotating the rotary unit although the
image forming apparatus includes the function of forming a color image, the operation of adjusting the stored toner in
the developing cartridge in use is started in conformity to the image forming job for the monochrome image. Accordingly,
this prevents the problem that one rotation of the rotary unit necessary for this stored toner adjusting operation is
performed without reason to interrupt the image forming operation in an undesirable manner.
[0043] Preferably, the development cartridges storing the same color toners for forming a monochrome image are
mounted on the rotary unit. The controller performs the operation of adjusting the toner stored in the developing cartridge
to be used in successively forming the monochrome image without rotating the rotary unit, by rotating the rotary unit
through an angle equal to or greater than an angle required to switch from the developing cartridge positioned at a
developing position opposed to the carrier to another developing cartridge adjacent thereto.
[0044] In this invention, to utilize the image forming apparatus as an apparatus for exclusive use in forming a mon-
ochrome image, when the monochrome image is successively formed without rotating the rotary unit, the operation of
adjusting the stored toner in the developing cartridge in use is started in conformity to the image forming job for the
monochrome image. Accordingly, this prevents the problem that the developing cartridge switching operation necessary
for this stored toner adjusting operation is performed without reason to interrupt the image forming operation in an
undesirable manner.
[0045] According to the invention, the timing of starting the operation of adjusting the stored toner in the developing
cartridge in use is determined in response to a consumption, for example of the stored toner, necessary for an image
forming job to be processed. Therefore, normally, the stored toner adjusting operation is started at an early timing,
while when an image forming job can be completed before the need for the adjusting operation, the stored toner
adjusting operation is omitted. Accordingly, the timing of adjusting the stored toner in the developing cartridge is con-
trolled so that it is possible to avoid the image forming operation from being forcibly interrupted regardless of the image
forming job. As a result, it is possible to improve an image forming speed operating until the image forming job is
completed, i.e., a so-called throughput.
[0046] According to the present invention, there is also provided an image forming apparatus, comprising:

a carrier on which an electrostatic latent image is formed;
a plurality of development cartridges which develop the electrostatic latent image with toner to form a toner image;
a rotary unit on which the developing cartridges are mounted around a rotational shaft of the rotary unit, and which
rotates the developing cartridges about the rotational shaft so as to oppose any of the developing cartridges to
the carrier;
an intermediate transfer belt which receives the toner image formed on the carrier and which moves rotationally
to transfer the toner image to a recording medium;
a transporting member which transports the recording medium to a transfer position for transferring the toner image
to the recording medium; and
a controller which controls operations of the carrier, the rotary unit, the development cartridges, the intermediate
transfer belt and the transporting member,

wherein the intermediate transfer belt has an image forming region and a non-image forming region;
wherein a length of the intermediate transfer belt is set such that a length of the image forming region is corre-

sponded to a length of a set recording medium having a predetermined size and a length of the non-image forming
region is corresponded to a distance between a rear end of the preceding one of the set recording mediums and the
front end of the subsequent one in the transferring process of the toner image to the recording medium;

wherein a rotational movement period of the intermediate transfer belt corresponding to the length of the non-
image forming region is equal to or greater than a time required for switching the developing cartridges; and

wherein the controller controls a forming position of the toner image for transfer to the intermediate transfer belt
and a timing of rotating the rotary unit, based on image forming job information for executing an image formation.
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[0047] In this invention, as for the image forming job information to be executed, the toner image forming position
on the intermediate transfer belt and the timing of rotating the rotary unit can be controlled into an optimum condition.
Accordingly, image formation can be efficiently performed in such a manner as, for example, to form a toner image by
performing the developing cartridge switching operation during the rotational movement period between recording
medium on the intermediate transfer belt, or by performing the developing cartridge switching operation separately.
[0048] Preferably, the image forming job information is information regarding whether image data of the image forming
job is a color image or a monochrome image.
[0049] In this invention, to form the color image, image formation need be provided while switching the developing
cartridges during the rotational movement period between recording medium on the intermediate transfer belt. However,
the switching of the developing cartridges is not indispensable to formation of the monochrome image. Consequently,
the toner image forming position on the intermediate transfer belt and the timing of rotating the rotary unit can be
controlled into an optimum condition according to whether the image forming job information is of a color image or a
monochrome image.
[0050] Preferably, the image forming job information is information regarding a size and number of recording medium
required to execute the image forming job information.
[0051] In this invention, in the case of forming a smaller toner image than the rotational movement period for devel-
oping cartridge switching use and the set size that are prepared on the intermediate transfer belt, or in like case, the
necessity of the region in which to form no toner image can be selected and controlled in response to the size and
number of recording medium.
[0052] Preferably, the intermediate transfer belt receives the toner images at all around surface of the intermediate
transfer belt. The controller controls so that at least a timing of forming the electrostatic latent image on the carrier and
a timing of transporting the recording medium by the transporting member are matched with each other at the transfer
position on the intermediate transfer belt.
[0053] In this invention, in the case of controlling the toner image forming position (carrying position) on the inter-
mediate transfer belt, a position at which to form a toner on the carrier, that is, a position at which to form an electrostatic
latent image, in other words, the timing of forming the electrostatic latent image is matched with the toner image forming
position. And, the timing of transporting the recording medium to their transfer position so that the toner image on the
intermediate transfer belt can be transferred thereto is also matched with the toner image forming position. By so doing,
image formation can be provided to the recording medium.
[0054] Preferably, the controller adjusts the toner stored in the developing cartridge for successively forming the
image so as to invert the developing cartridges upside down in accordance with the rotation of the rotary unit.
[0055] In this invention, the rotational movement period between recording medium is prepared, on the intermediate
transfer belt, for use in switching the developing cartridges by rotating the rotary unit. Thus, this configuration can be
optimally applied to an image forming apparatus for adjusting the stored toner in synchronism with this developing
cartridge switching operation.
[0056] Preferably, during the period in which an image formation based on the image forming job information is
completed while using the same developing cartridge, the controller forms a toner image on the intermediate transfer
belt so as to narrow the distance between the rear end of the preceding one of the recording mediums and the front
end of the subsequent one, without switching the developing cartridge opposed to the carrier.
[0057] In this invention, a toner image obtained by successive development without switching the developing car-
tridges can be formed on the intermediate transfer belt. Thus, the rotational movement period between recording me-
dium, which is prepared for developing cartridge switching use on the intermediate transfer belt, or the like is omitted,
thereby making is possible to shorten a time required for image formation.
[0058] Preferably, the development cartridges storing different color toners for forming a color image, a multicolor
image, or a monochrome image are mounted on the rotary unit by switching the developing cartridge positioned at a
developing position. The controller performs the operation of adjusting the toner stored in the developing cartridge in
the monochrome image formation, by rotating the rotary unit for one revolution.
[0059] This invention is applicable to an image forming apparatus including the function of forming a color image.
Particularly, in the case of successively forming a monochrome image without rotating the rotary unit, the toner image
forming position on the intermediate transfer belt and the timing of rotating the rotary unit are controlled into an optimum
condition in conformity to the image forming job information of the monochrome image.
[0060] Preferably, the development cartridges storing the same color toners for forming a monochrome image are
mounted on the rotary unit. The controller performs the operation of adjusting the toner stored in the developing cartridge
to be used in forming the monochrome image without rotating the rotary unit, by rotating the rotary unit through an
angle equal to or greater than an angle required to switch from the developing cartridge positioned at a developing
position opposed to the carrier to another developing cartridge adjacent thereto.
[0061] This invention is applicable to an image forming apparatus utilized as an apparatus for exclusive use in forming
a monochrome image. And, in this invention, the toner image forming position on the intermediate transfer belt and
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the timing of rotating the rotary unit are controlled into an optimum condition in conformity to the image forming job
information of the monochrome image.
[0062] According to the invention, the rotational movement period between recording medium for performing the
developing cartridge switching operation by rotating the rotary unit, or the like is omitted. Thereby, the length of the
intermediate transfer belt can be effectively utilized in response to image forming job information to be executed, for
example, the kind of images and the size and number of recording medium, thus enabling efficient image formation.
Accordingly, it is possible to improve a speed at which to complete image formation (so-called throughput).

BRIEF DESCRIPTION OF THE DRAWINGS

[0063] The above objects and advantages of the present invention will become more apparent by describing in detail
preferred exemplary embodiments thereof with reference to the accompanying drawings, wherein:

Fig. 1 is a view showing a perspective front view of the schematic overall configuration of an image forming ap-
paratus according to a first embodiment of the invention;
Fig. 2 is a relationship block diagram illustrating driving control according to the first embodiment;
Fig. 3 is a perspective front view showing a developing rotary unit housing developing cartridges therein according
to the first embodiment;
Figs. 4A and 4B are views showing a toner image on an intermediate transfer belt according to the first embodiment,
in which Fig. 4A is a developed plan view showing a toner image when a developing cartridge switching period is
secured according to the first embodiment and Fig. 4B is a developed plan view showing a toner image when the
developing cartridges are unswitchable according to the first embodiment;
Fig. 5 is a flowchart illustrating image forming control according to the first embodiment;
Fig. 6 is a flowchart illustrating image forming control of the image forming apparatus according to a second em-
bodiment of the invention;
Fig. 7 is a flowchart illustrating image forming control of the image forming apparatus according to the third em-
bodiment;
Fig. 8 is a diagram showing a flowchart illustrating the image forming control of the image forming apparatus
according to a fourth embodiment of the invention;
Fig. 9 is a diagram showing a flowchart illustrating image forming control of the image forming apparatus according
to a fifth embodiment of the invention;
Fig. 10 is a developed plan view showing a toner image forming position on an intermediate transfer belt and a
region for performing a developing cartridge switching operation according to a sixth embodiment;
Fig. 11 is a developed plan view showing the case of shifting the toner image forming position on the intermediate
transfer belt to a rotation-direction upstream side according to the sixth embodiment; and
Fig. 12 is a flowchart illustrating image forming control according to the sixth embodiment.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0064] Most preferred embodiments of the invention will hereinafter be described with reference to the drawings.
Figs. 1 to 5 show a first embodiment of the image formation apparatus according to the invention.
[0065] In Figs. 1 and 2, the image formation apparatus is utilized by being connected to a personal computer PC,
for example, for creating and outputting an image such as a character, wherein a control unit 10 connected to the
personal computer PC controls a paper transport device 20 and an image recording device 30, thereby forming and
printing out an image on recording paper (recording medium).
[0066] The control unit 10 comprises a controller 11 and an engine controller 12 that are constructed on a circuit
board mounted in an apparatus body. These controllers carry out various data processing controls and driving control
of individual apparatus sections in accordance with pre-prepared programs.
[0067] To simply describe, a not-shown CPU carries out various processing procedures in accordance with process-
ing programs stored in memories, whereby the controller 11 exchanges a variety of information, such as an instruction
to print, with a printer driver of the personal computer PC. And, the controller 11 also receives therefrom image data
of a text, etc. to be formed into an image such as by printing on recording paper and temporarily stores the image data
in a not-shown memory. Since the image data (image information signals) received from the personal computer PC
are so-called RGB data of red (R), green (G), and blue (B), this controller 11 reads these data from within the memories
while converting them into printable image data, i.e., so-called YMCK data of yellow (Y), magenta (M), cyan (C), and
black (K), and then delivers the printable image data to the engine controller 12.
[0068] In accordance with a control program stored in a ROM 14, a CPU 13 receives image data on a per page
basis, for example, from the controller 11 and temporarily stores the image data in a main memory 15, and it also
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exchanges a variety of information with the paper transport device 20 and image recording device 30 while using a
RAM 16 as a work area. Thereby, an image based is formed on this image data on recording paper. Besides, on this
occasion, the CPU 13, when carrying out this image forming control, causes a built-in timer function (timing unit) 13a
to time various processing time periods, etc. and thereby the individual apparatus sections to operate in an optimum
condition.
[0069] In Fig. 2, an I/O interface 17 provides a connection between the paper transport device 20 and image recording
device 30 and the engine controller 12 so that they can exchange a variety of information with each other. A D/A
converter 18 and an A/D converter 19 convert digital signals to analog signals and vice versa so that the engine con-
troller 12 can process the variety of information exchanged between the controller 11 and the paper transport device
20 and image recording device 30.
[0070] The paper transport device 20 includes a paper cassette 21, a paper discharge table 22, a pick-up roller 23,
a transport roller pair 24, a resist roller pair 25, a switch roller pair 26, a paper discharge roller pair 27, and inverting
roller pairs 28 and 29 and, in addition, of an intermediate transfer belt 34, a transfer roller 35, and a fixing roller pair
36 that are also the components of the image recording device 30. This paper transport device 20 separates a plurality
of recording papers stacked in the paper cassette 21 one from another and transports and feeds them one by one to
an image recording and forming position P of the image recording device 30. Thereby, the image recording device 30
records and forms received image data of a letter, etc. on one or both sides of each of the fed recording papers and,
thereafter, the paper transport device 20 transports to the outside thereof the recording papers provided with image
information and then stacks them onto the paper discharge table 22.
[0071] To simply describe, the pick-up roller 23 rotates in press contact with recording papers stacked on a lifting
plate 21 a in the paper cassette 21 and thereby draws out and separates them one from another in cooperation with
not-shown separating unit, thus feeding each separated recording paper to a transport path f. The transport roller pair
24 transport the fed recording paper, while nipping it therebetween, to abut the leading end thereof against the nip
portion of the downstream resist roller pair 25, thereby correcting the skew of the recording paper. The resist roller pair
25 feed the skew-corrected recording paper, while nipping it therebetween, to the image recording and forming position
P in synchronism with the operation of the image recording device 30.
[0072] At this image recording and forming position P, the intermediate transfer belt 34 and transfer roller 35 transport
the fed recording paper as they rotate while nipping it therebetween, thus recording and forming an image on one side
of the recording paper being thus transferred. Besides, the fixing roller pair 36 transport the recording paper further
downstream as they rotate while nipping it therebetween, thus fixing the image onto the recording paper being thus
transferred.
[0073] Thereafter, the switch roller pair 26 and paper discharge roller pair 27 discharge and stack the recording paper
from the fixing roller pair 36 onto the paper discharge table 22. Thereby, the recording paper is fed to the image recording
device 30's image recording and forming position P with one side thereof serving as an image recording and forming
side, is provided with image formation on the one side, and thereafter is discharged onto the paper discharge table 22.
[0074] On this occasion, the paper transport device 20 operates as follows when the engine controller 12 is instructed
to carry out a both-side mode for providing image formation to both sides of recording paper. That is, the paper discharge
roller pair 27 stop temporarily in a position where they nip therebetween the trailing end of the recording paper dis-
charged onto the paper discharge table 22. Thereafter, the paper discharge pair 27 are driven in reverse rotation,
together with the switch roller pair 26, to thereby send to an inverting path r the recording paper having the image
recorded and formed on the one side thereof.
[0075] Thereafter, the inverting roller pairs 28 and 29 insert and transport the recording paper into the inverting path
r while nipping it therebetween. Thereby, the recording paper is inverted so that the trailing end side thereof used upon
one-side image formation serves as the leading end side thereof. Thus, the inverting roller pairs 28 and 29 feed the
so-inverted recording paper again to the transport path f and then deliver it to the resist roller pair 25. Thereby, the
recording paper is fed again to the image recording device 30's image recording and forming position P with the other
side thereof (one side having no image recorded or formed thereon) serving as an image recording and forming side,
thus providing the other side with image formation. Thereafter, the recording paper provided with image formation on
both sides thereof is discharged onto the paper discharge table 22.
[0076] On the other hand, the image recording device 30 includes an exposure unit 31, a photoreceptor cartridge
32, a developing rotary unit 33, the intermediate transfer belt 34, the transfer roller 35, and the fixing roller pair 36. This
image recording device 30 records and forms received image data of a character, etc., by xerography, on one or both
sides of recording paper that has been transported and fed to the image recording and forming position P by the paper
transport device 20.
[0077] To simply describe, the exposure unit 31 carries out an exposure scan by selectively irradiating with laser
beams a surface of a photoreceptor drum 32a in the photoreceptor cartridge 32, based on image data received by a
built-in laser beam scan device (polygon mirror) 31 a. Thereby, an electrostatic latent image based on the image data
is formed (created) on the surface of the photoreceptor drum 32a. The developing rotary unit 33 houses therein de-
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veloping cartridges (illustrated as 37y, 37m, 37c, and 37k in the figures), one for each color, for developing this elec-
trostatic latent image on the photoreceptor drum 32a with toners of yellow (Y), cyan (C), magenta (M), and black (K).
Any of the developing cartridges 37 corresponding to image data for forming an electrostatic latent image is opposed
to the photoreceptor drum 32a and the toner stored in the any of the developing cartridges 37 is thus affixed to the
photoreceptor drum 32a, thereby toner developing the electrostatic latent image.
[0078] In the case of a monochrome image for example, the intermediate transfer belt 34 receives a toner image
formed on the photoreceptor drum 32a with the toner of black (K) and holds on its belt surface a toner image to be
transferred onto the recording paper. Besides, in the case of a color image, this intermediate transfer belt 34 receives
toner images, which are formed on the photoreceptor drum 32a with the toners of yellow (Y), cyan (C), and magenta
(M), in sequence (which sequence is not limited to the color sequence named) so that the toner images are superim-
posed one on another. And, the intermediate transfer belt 34 forms and carries on its belt surface a color toner image
to be transferred to the recording paper. The transfer roller 35 transports the fed recording paper to the position (image
recording and forming position P) between itself and this intermediate transfer belt 34 while nipping it therebetween,
thereby transferring the toner image to the recording paper. Needless to say, the toners transfer to the recording paper
from the developing cartridges 37 via the photoreceptor drum 32a and intermediate transfer belt 34 in accordance with
a bias voltage between the members.
[0079] The fixing roller pair 36 heat press therebetween the recording paper that has the toner image transferred
thereto and has been transported from the image recording and forming position P, thereby fixing the toner image to
the recording paper, and also transport this recording paper further downstream while nipping it therebetween. Thereby,
the monochrome or color image based on the received image data is recorded and formed (fixed) on one or both sides
of the recording paper. Such an operation is repeated, whereby the image can be recorded and formed in succession
on a plurality of recording papers.
[0080] In the photoreceptor drum 32a, residual toner remaining thereon after transferred to the intermediate transfer
belt 34 is electrostatically discharged and collected by a not-shown cleaning device. Thereafter, an electrostatic charger
electrostatically charges the collected toner to a potential such that the toner is received from the developing cartridges
37 of the developing rotary unit 33 by and affixed to the photoreceptor drum 32a. Besides, in the intermediate transfer
belt 34, similarly, residual toner thereon is electrostatically discharged and charged, thus repeating the transfer (affix-
ment) and collection of the toner. Furthermore, a suction fan 38 sucks the apparatus body side via an exhaust air duct
39, whereby toner scattering upon such toner collection is collected by a filter 39a attached to the exhaust air duct 39.
[0081] And, as shown in Fig. 3, the developing rotary unit 33 is configured such that a plurality of the developing
cartridges 37 for toner developing an electrostatic latent image on the surface of the photoreceptor drum 32a are
housed (attached) within respective housing positions defined by a defining frame 33b that rotates about a rotational
shaft 33a. The CPU (controller) 13 of the engine controller 12 rotates this developing rotary unit 33 about the rotational
shaft 33a, based on an instruction to print, inclusive of image data, received thereby from the personal computer PC
via the controller 11. Thereby, the developing cartridges 37 are switched to be opposed to the photoreceptor drum 32a,
thus developing a toner image to be transferred to and provided with image formation on one or both sides of the
recording paper.
[0082] For example, this image forming apparatus has housed in the developing rotary unit 33 thereof the developing
cartridges 37y, 37m, 37c, and 37k for storing the color toners of yellow (Y), cyan (C), magenta (M), and black (K). And,
this developing rotary unit 33 is rotated to switch the developing cartridges 37, which develop an electrostatic latent
image on the photoreceptor drum 32a, so as to overlap the individual color toners stored therein for creating an inter-
mediate color or to select any of them. Thereby, the image forming apparatus can be utilized as an apparatus capable
of forming images ranging from a color image to a monochrome image.
[0083] Besides, this image forming apparatus is configured capable of image formation even when all the developing
cartridges 37 having the same color toners stored therein are housed in the developing rotary unit 33. It is possible to
attach thereto, for example, four developing cartridges 37k storing therein the same color toners of black (K). In this
case, the image forming apparatus can be utilized as an apparatus for exclusive use in forming a monochrome image
by rotating the developing rotary unit 33 to sequentially switch the developing cartridges 37k for developing an elec-
trostatic latent image on the photoreceptor drum 32a, at an appropriate timing, for example, such as of when toner
runs out. For example, an image forming operation can be carried out by appropriately switching the developing car-
tridges 37k in response to the received image data. For example, an image forming operation can be carried out by
appropriately switch the developing cartridges 37k in response to the received image data.
[0084] Particularly, the developing cartridges 37 each include a container 37a, a developing roller 37b, a supply roller
37d, and a partition plate 37e. The containers 37a store toner therein, formed into a similar shape so as to be able to
be housed in the respective housing spaces (positions) defined by the defining frame 33b of the developing rotary unit
33. The developing roller 37b, rotatably supported on an outer peripheral side of the container 37a spaced away from
the rotational shaft 33a of the developing rotary unit 33, affixes toner, which is transferred from the supply roller 37d,
to the photoreceptor drum 32a opposed to the developing roller 37b. The supply roller 37d, rotatably supported on the
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container 37a so as to adjoin the developing roller 37b on a side thereof opposite the rotational shaft 33a of the de-
veloping rotary unit 33, rotates in press contact with this developing roller 37b to thereby rub, electrostatically charge,
and supply peripheral toner. The partition plate 37d, disposed so as to surround the supply roller 37d, partitions a toner
storing space in the container 37a so as to provide communication between the rotation-direction upper portions of a
rotational shaft 33a side space and a supply roller 37d placement space.
[0085] With this configuration, in the developing cartridge 37, the supply roller 37d supplies toner, which is in an outer
peripheral side space of the container 37a partitioned by the partition plate 37e, to the developing roller 37b rotating
in press contact with the supply roller 37d. Besides, in this developing cartridge 37, when the developing rotary unit
33 rotates 90° at one time and 180° in total in a counterclockwise direction as seen in Fig. 3, the stored toners on the
rotational shift 33a side and supply roller 37d side of the container 37a are mixed together in the upper portion of the
partition plate 37e (on the lower side of Fig. 3). Thereafter, the developing rotary unit 33 further rotates 90° at each
time, whereby the stored toner in the container 37a is agitated for refreshment and the agitated toner is brought together
to the supply roller 37d side so as to be able to be supplied to the developing roller 37b. That is, in the developing
cartridge 37 attached to the thus-rotating developing rotary unit 33, the toner stored therein is replenished, while being
agitated, to the supply roller 37d side by the rotation of the developing rotary unit 33. Therefore, it is possible to ap-
propriately omit an adjusting device (so-called agitator device or auger device) for performing an adjusting operation
such as of agitating and replenishing the stored toner. However, in this developing cartridge 37, to omit the adjusting
device, as described later, the developing rotary unit 33 need be rotated to perform the toner replenishing and agitating
operation when an amount of toner used exceeds a pre-set value at least before no more toner to be supplied to the
developing roller 37b remains in the periphery of the supply roller 37d. The amount of toner used is detected based
on, for example, a count value obtained from a counter, the number of dots in an image, a cumulative developing
operation (image formation) time, the cumulative number of papers developed, or a measured amount of toner remain-
ing.
[0086] Furthermore, the intermediate transfer belt 34 is formed into an endless belt that is trained over a first transfer
pulley 51, a second transfer pulley 52, a driven pulley 53, and tension pulleys 54 and 55. The first transfer pulley 51
is opposed to the photoreceptor drum 32a so as to make a first transfer for transferring a developed toner image. The
second transfer pulley 52 is opposed to the transfer roller 35 so as to make a second transfer for transferring the
transferred toner image to the recording paper located at the recording and forming position P. The driven pulley 53,
disposed opposite this second transfer pulley 52, is driven to rotate. And, the tension pulleys 54 and 55 place a tension
on the belt to prevent positional displacement, etc. from occurring. In this intermediate transfer belt 34, for example,
shims 34a (shown in Fig. 4) projecting outward in a planar direction are disposed on one side of the side edges of the
belt. A sensor 56 detects these shims 34a for each revolution, whereby the CPU 13 of the engine controller 12 controls
rotational driving in synchronism with the rotation of the photoreceptor drum 32a and the transport of recording paper.
Thereby, the intermediate transfer belt 34 faces the recording paper transported to the image recording and forming
position P opposed to the transfer roller 35 and is rotationally driven so as to circulate repeatedly through a path
opposed to the photoreceptor drum 32a. Thus, the intermediate transfer belt 34 receives and transfers a toner image
of each color toner formed on this photoreceptor drum 32a to the recording paper at the image recording and forming
position P.
[0087] The intermediate transfer belt 34 thus circulates and rotates, while the developing rotary unit 33, particularly
to form a color image, need sequentially switch the developing cartridges 37 for developing a toner image. Conse-
quently, when the size of recording paper designed capable of forming a color image thereon is set to A size for example,
as shown in Fig. 4A, it is necessary that this intermediate transfer belt 34 meet the following necessities. That is, the
intermediate transfer belt 34 need hold a toner image A4 to be transferred to the A4 size recording paper. And, the
intermediate transfer belt 34 need secure a period T during which the developing cartridge 37 switching operation is
completed within a time required to rotationally move the distance between the trailing end of one toner image A4 and
the leading end of the next toner image A4 (between the trailing end of one recording paper and the leading end of
the next recording paper, i.e., between adjacent papers). To meet such necessities, the intermediate transfer belt 32
is formed to have, in addition to the length of the A4 size toner image A4, a belt length including a region T for securing
a rotational movement period longer than or equal to a time equivalent to the period T.
[0088] In other words, when the four developing cartridges 37k are attached to the developing rotary unit 33 and a
monochrome toner image is to be successively formed on this intermediate transfer belt 34 and transferred to the
recording paper, similarly, the developing cartridges 37k can be switched within the period T during which the region
T, between the trailing and leading ends of the toner images A4 to be transferred to the preceding and subsequent
recording papers, moves rotationally as shown in Fig. 4A. Consequently, even to form a monochrome image on the
A4 size recording paper, the developing cartridges 37k are switched for each rotation of the intermediate transfer belt
34 (for each development, for each recording paper) to develop an electrostatic latent image on the photoreceptor
drum 32a, thus enabling image formation.
[0089] On the contrary, when the developing cartridges 37k are not to be switched for each development, as shown
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in Fig. 4B, in the case of a monochrome image, image formation can also be provided such that a toner image is held
even in the region T of the intermediate transfer belt 34 and transferred to recording paper. For example, even in the
case of recording paper of legal size slightly longer than A4 size in a sub-scan direction, image formation can be
provided such that a monochrome toner image L of legal size to be transferred to this recording paper is developed
and held on the intermediate transfer belt 34.
[0090] Consequently, when being utilized as an apparatus for exclusive use in forming a monochrome image by
attaching the four developing cartridges 37k to the developing rotary unit 33, this image forming apparatus is designed
capable of providing image formation by transferring to the image recording and forming position P the recording paper
of legal size larger than A4 size placed in the paper cassette 21. With such a design, the developing cartridge 37k
switching operation is appropriately performed in response to the size of recording paper on which the received image
data is to be formed, thus carrying out an image forming operation.
[0091] Besides, the developing cartridges 37 each have a built-in nonvolatile memory 42 and a built-in development
side connector 43, and a control side connector 44 is disposed on the developing rotary unit 33 side. The nonvolatile
memory 42 rewritably stores therein identification information such as a serial number and a variety of information such
as the color, manufacture date, and consumption of the stored toner. The development side connector 43 is connected
to the nonvolatile memory 42 to perform reading and rewriting of the information stored therein. The control side con-
nector 44 is disposed so as not to move to the outer periphery of the developing rotary unit 33 and, when facing the
development side connector 43 of any of the developing cartridges 37, exchanges the variety of information in non-
contact communication therewith. Thereby, the engine controller 12 of the control unit 10 appropriately comprehends
the presence/absence and position of the developing cartridges 37 housed within the housing positions of the devel-
oping rotary unit 33 and also the variety of information such as the toner color information of these developing cartridges
37. Thus, the engine controller 12 carries out optimum image forming control inclusive of developing cartridge 37
switching control.
[0092] Specifically, the CPU 13 of the engine controller 12 is configured to, after power on, carries out various control
operations in accordance with the control program in the ROM 14. Thus, upon power on or replacement of the devel-
oping cartridges 37, the CPU 13 performs the noncontact communication routed through the connectors 43 and 44
and thereby holds (stores) in the main memory 15 the presence/absence of the developing cartridges 37 within the
housing positions of the developing rotary unit 33. Besides, this CPU 13 sequentially reads the variety of information
written in the nonvolatile memories 42 of the developing cartridges 37 via the connectors 43 and 44 and holds in the
main memory 15 the position information per developing cartridge 37, the color information and consumption (remaining
amount) of toner, etc. Furthermore, during the image forming operation or after the end of image formation, this CPU
13 writes and rewrites the variety of information, such as an amount of toner consumed by the image formation, to the
nonvolatile memories 42 of the developing cartridges 37 via the connectors 43 and 44.
[0093] On this occasion, when knowing that the developing cartridges 37y, 37m, 37c, and 37k storing therein the
color toners of yellow (Y), cyan (C), magenta (M), and black (K) are placed in the developing rotary unit 33, the CPU
13 performs general image forming control to rotate the developing rotary unit 33 in response to image data transmitted
from the controller 11, thereby recording and forming a color image or a monochrome image on one or both sides of
recording paper. In other words, each time upon receiving an instruction to print the image data, the developing car-
tridges 37 of the individual color toners attached to the developing rotary unit 33 operate as being appropriately switched
in response to the kind of images based on the image data. Thereby, in the developing cartridges 37y, 37m, 37c, and
37k, the supply rollers 37d for supplying the stored toners to the developing rollers 37d are also supplied with the stored
toners as the developing rotary unit 33 rotates.
[0094] On the other hand, when knowing that the image forming apparatus is utilized as an apparatus for exclusive
use in forming a monochrome image with the four developing cartridges 37k storing the toner of black (K) therein
attached to the developing rotary unit 33, the CPU 13 carries out image forming control for switching the developing
cartridges 37k in response to the size of recording paper on which to record and form the received image data. Thus,
the monochrome image corresponding to the image data transmitted from the controller 11 is recorded and formed on
one or both sides of recording paper placed in the paper cassette 21.
[0095] For example, as shown in the flowchart of Fig. 5, the CPU 13 receives from the controller 11 an instruction
to print image data of a monochrome image (Step S11). Then, the CPU 13 switches the developing cartridges 37 by
rotating the developing rotary unit 33 to move the next developing cartridge 37k to the developing position opposed to
the photoreceptor drum 32a (Step S12). Thereafter, the CPU 13 determines whether or not a size of the recording
paper on which the received image data is to be formed is equal to or smaller than A4 size (Step S13). When the
recording paper is smaller than A4 size, for example B5 size, as with color image formation, the CPU 13 selects a color
sequence of image forming mode for switching the developing cartridges 37k to be set at the developing position by
rotating the developing rotary unit 33 90° for each recording paper (Step S14). On the contrary, when this recording
paper exceeds A4 size, the CPU 13 determines whether or not it is of legal size or smaller (Step S15). When the
recording paper is of legal size or smaller, as with successive monochrome image formation, the CPU 13 selects a



EP 1 577 712 A2

5

10

15

20

25

30

35

40

45

50

55

13

monochrome sequence of image forming mode for fixing the developing cartridge 37k set at the developing position
without rotating the developing rotary unit 33 (Step S16). Furthermore, when the recording paper exceeds even legal
size, which is beyond the design range and enables no image formation, the CPU 13 performs the process of notifying
the personal computer PC of unprintability and puts this image forming control to an end (Step S17).
[0096] After this determination on the recording paper size, the CPU 13 starts driving control over the paper transport
device 20 and image recording device 30 for printing the received image data, thus providing image formation to one
or both sides of the recording paper (Step S18).
[0097] Subsequently, each time this printing process per recording paper comes to an end, the CPU 13 determines
whether the process of printing the received image data is completed or not (Step S19). When the printing process is
completed, the CPU 13 puts this image forming control to an end accordingly.
[0098] On the contrary, when the printing process is not completed, the CPU 13 checks whether an amount of image
formation, which causes the developing cartridge 37k in use to run out of toner, is exceeded or not. And, when the
monochrome sequence for fixing the developing cartridge 37k is selected, the CPU 13 checks whether an amount of
image formation, which can complete the image forming operation without replenishing the stored toner into the supply
roller 37d placement space, is exceeded or not. Thus, the CPU 13 determines whether no not it is required to switch
the developing cartridges 37k to be set at the developing position (Step S20).
[0099] And, when the amount of image formation is not exceeded, the CPU 13 returns to Step S18 and carries on
the printing process using the same developing cartridge 37k without rotating the developing rotary unit 33.
[0100] Besides, when the amount of image formation is exceeded and the process of printing the received image
data cannot be completed using the same developing cartridge 37k, the CPU 13 returns to Step S12 and performs the
switching operation for moving the next cartridge 37k to the developing position by rotating the developing rotary unit
33. Thus, the CPU 13 carries on the process of printing the remaining image data. On this occasion, the developing
cartridges 37k are switched to be put to use each time upon receipt of an instruction to print and for each recording
paper when it is of A4 size or smaller. Therefore, this enables as even consumption as possible of the stored toners
and also the adjacent developing cartridge 37k to move rapidly to the developing position, so that an image forming
speed (so-called throughput) can be maintained as constant as possible.
[0101] Accordingly, the image forming control performed by switching the developing cartridges 37k or the image
forming control performed by fixing the developing cartridge 37k is selected and executed in response to whether
recording paper on which the image data to be recorded and formed is equal to or smaller than A4 size or legal size.
Thus, in the case of a color image, the function of image formation can be left to serve as it is up to the A4 size recording
paper, while in the case of a monochrome image, image formation can be provided even to the recording paper of
legal size.
[0102] On this occasion, when recording paper on which the monochrome image is to be formed is up to A4 size,
image formation can be provided to the recording paper while performing the adjusting operation of agitating and
replenishing the stored toner by switching the developing cartridges 37k for each recording paper (for each revolution
of the intermediate transfer belt). Besides, when recording paper on which to form the monochrome image is of legal
size, image formation can be provided such that, without switching the developing cartridges 37k, a toner image is
held even in the region T of the intermediate transfer belt 34 for securing the developing cartridge 37k switching op-
eration period and transferred to the recording paper.
[0103] Thus, in this embodiment, when the image forming apparatus is used as an apparatus for exclusive use in
forming a monochrome image by attaching thereto the four developing cartridges 37k storing the toner of black (K),
image formation ca be provided by effectively utilizing the length of the intermediate transfer belt 34. Thus, in addition
to recording and forming a color image on the recording paper of up to A4 size, a monochrome image can be recorded
and formed on the recording paper of legal size. Besides, in the developing cartridges 37k, the adjusting operation of
agitating and replenishing the stored toner is performed by the switching operation of with the rotation the developing
rotary unit 33, which therefore makes it possible to omit a device for performing such an adjusting operation. Accord-
ingly, it is possible to meet demands on the size of recording paper to which to provide image formation, to the maximum
extent possible, while realizing a reduction in size and cost without impairing an image formation speed (so-called
throughput) or image quality.
[0104] Next, Fig. 6 is a view showing a second embodiment of the image forming apparatus according to the invention.
Additionally, in this embodiment, since the apparatus thereof is configured substantially the same as that of the aforesaid
embodiment, by reference to the same drawings, distinctive features will be described with similar parts identified by
like reference numerals.
[0105] In Figs. 1 to 4, the image forming apparatus is designed as follows. That is, even in utilizing the function of
forming images ranging from a color image to a monochrome image by attaching to the apparatus the developing
cartridges 37y, 37m, 37c, and 37k storing the color toners of yellow (Y), cyan (C), magenta (M), and black (K), only
the monochrome image can be formed such that the recording paper of legal size larger than A4 size placed in the
paper cassette is transported to the recording and forming position P.
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[0106] Specifically, as shown in the flowchart of Fig. 6, the CPU 13 of the engine controller 12 receives an instruction
to print image data from the controller 11 (Step S21). Then, the CPU 13 determines whether or not the received image
data is data for recording and forming a color image and simultaneously whether or not recording paper on which to
print the image data is of A4 size or smaller (Step S22). When this condition is met, the CPU 13 selects the color
sequence of image forming mode for sequentially switching the developing cartridges 37y, 37m, and 37c at the devel-
oping position by rotating the developing rotary unit 33 90° for each rotation of the intermediate transfer belt 34 (Step
S23).
[0107] On the contrary, when this image data is not a color image or when the recording paper exceeds A4 size, the
CPU 13 determines whether the image data is of monochrome image or not and simultaneously whether the recording
paper is of legal size or not (Step S24). When this condition is fulfilled, the CPU 13 selects the monochrome sequence
of image forming mode for fixing the developing cartridge 37k set at the developing position without rotating the de-
veloping rotary unit 33 (Step S25).
[0108] Furthermore, when the image data is for color image but the recording paper exceeds A4 size or when the
image data is for monochrome image but the recording paper exceeds legal size, which is beyond the design range
and enables no image formation, the CPU 13 performs the process of notifying the personal computer PC of unprint-
ability and puts this image forming control to an end (Step S26).
[0109] After determination of this image data, the CPU 13 starts driving control over the paper transport device 20
and image recording device 30 for printing the received image data, thus providing image formation to one or both
sides of the recording paper (Step S27).
[0110] Subsequently, each time this printing process per recording paper comes to an end, the CPU 13 determines
whether the process of printing the received image data is completed or not (Step S28). When the printing process is
completed, the CPU 13 puts this image forming control to an end accordingly. On the contrary, when the printing process
is not completed, the CPU 13 returns to Step S27 and carries on the printing process. On this occasion, when the
developing cartridge 37 in use runs out of toner, the CPU 13 performs the process of interrupting this image forming
control and notifying the personal computer PC that the developing cartridge 37 need be replaced to replenish toner.
[0111] Accordingly, in the case of a color image, the function of image formation up to A4 size is maintained to serve
as it is. In contrast, when recording paper on which the image data for a monochrome image is to be formed is of legal
size or smaller, the image forming control performed by fixing the developing cartridge 37k is selected and executed.
And, a toner image is held even in the region T of the intermediate transfer belt 34 for securing the developing cartridge
37 switching operation period. Thus, the monochrome image can be formed on the recording paper of up to legal size.
[0112] Thus, in this embodiment, when the image forming apparatus is used as an apparatus capable of forming a
color image and a monochrome image by attaching thereto the developing cartridges 37y, 37m, 37c, and 37k, the
monochrome image can be formed by effectively utilizing the length of the intermediate transfer belt 34. Similar to the
aforesaid embodiments, in addition to recording and forming the color image on the recording paper of up to A4 size,
the monochrome image can be recorded and formed on the recording paper of legal size. Besides, in the developing
cartridges 37y, 37m, 37c, and 37k, the adjusting operation of agitating and replenishing the stored toner is performed
by the switching operation with the rotation of the developing rotary unit 33, which therefore makes it possible to omit
a device for performing such an adjusting operation. Accordingly, it is possible to meet demands on the size of recording
paper to which to provide image formation, to the maximum extent possible, while realizing a reduction in size and
cost without impairing an image formation speed (so-called throughput) or image quality.
[0113] Additionally, in the first and second embodiments, the image forming apparatus is described as image forming
apparatuses of different configurations but, needless to say, may include both functions. Besides, the size of recording
paper serving as a criterion is not limited to A4 or legal size, but may be B5 size and A4 size, for example. Furthermore,
to form a monochrome image on both sides of the recording paper of legal size, the developing cartridges 37k can be
switched within the inverting period for synchronously stopping the photoreceptor drum 32a and the intermediate trans-
fer belt 34. Therefore, as with the recording paper of A4 size, the configuration may be such as to provide image
formation while switching the developing cartridges 37k at the developing position for each recording paper.
[0114] Besides, the aforesaid first embodiment describes the following image forming control as an example. That
is, when the image forming apparatus is used as an apparatus for exclusive use in forming a monochrome image by
attaching the four developing cartridges 37k to the developing rotary unit 33, the developing cartridges 37k are switched
for each recording paper (for each development). However, the invention is not limited thereto but, needless to say,
the image forming control may be performed such that the developing cartridges 37k are switched at the developing
position as appropriate after a predetermined amount of image formation is carried out.
[0115] Furthermore, the second embodiment describes, as an example, the case in which a device (e.g., agitator
device or auger device) for performing the adjusting operation of agitating and replenishing the stored toner is omitted
from within the developing cartridge 37k. However, it is needless to say that such a device may be provided therein.
[0116] Next, Fig. 7 is a view showing a third embodiment of the image forming apparatus according to the invention.
Additionally, in this embodiment, since the apparatus thereof is configured substantially the same as that of the aforesaid
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embodiments, by reference to the same drawings, distinctive features will be described with similar parts identified by
like reference numerals.
[0117] In this embodiment, when grasping that the developing cartridges 37y, 37m, 37c, and 37k storing therein the
color toners of yellow (Y), cyan (C), magenta (M), and black (K) are placed in the developing rotary unit 33, upon receipt
of image data for forming a color image from the controller 11, the CPU 13 rotates the developing rotary unit 33 in
response to the image data. Thereby, the developing cartridges 37y, 37m, 37c, and 37k are sequentially switched at
a developing position opposed to the photoreceptor drum 32a, thereby recording and forming the color image on one
or both sides of the recording paper. In other words, the developing cartridges 37 of the individual color toners attached
to the developing rotary unit 33 operate as being appropriately switched each time upon receiving an instruction to
print the image data of the color image. Thereby, in the developing cartridges 37y, 37m, 37c, and 37k, the supply rollers
37d for supplying the stored toners to the developing rollers 37d are also appropriately replenished with the stored
toners as the developing rotary unit 33 rotates.
[0118] Upon receipt of image data for forming a monochrome image from the controller 11, the CPU 13 switches the
developing cartridge 37 to the developing cartridge 37k to be fixed to the developing position opposed to the photore-
ceptor drum 32a, thereby successively recording and forming the monochrome image on one or both sides of recording
paper. On this occasion, based on the content of image forming job information for recording and forming the received
image data on recording paper, the CPU 13 rotates the rotary unit through one revolution to perform the operation of
adjusting the stored toner in the developing cartridge 37k. For example, the CPU 13 compares an amount of the toner
of black (K) consumed by carrying out the recording and forming (image formation) of image data, with an margin
consumption and a limit consumption that are pre-set in the main memory 15. And, the CPU 13 rotates the developing
rotary unit 33 through one revolution, thus determining the timing of adjusting the stored toner in the developing cartridge
37k.
[0119] Here, the margin consumption refers to the consumption of toner obtained such that a margin (sufficient
safety) is secured by subtracting a predetermined amount from an actual limit amount of toner consumed until no more
toner to be supplied to the developing roller 37b remains around the supply roller 37d. As the margin consumption, for
example, image formation on 40 recording papers is set in the main memory 15. Besides, the limit consumption refers
to the consumption of toner obtained by subtracting a predetermined amount from the actual limit amount of toner
consumed, such as by reducing a slight extra amount from the margin consumption. As the limit consumption, for
example, image formation on 45 recording papers obtained by adding 5 to the margin consumption is set in the main
memory.
[0120] For example, as shown in the flowchart of Fig. 7, the CPU 13 receives from the controller 11 an instruction
to print image data of a monochrome image (Step S11). Then, the CPU 13 switches the developing cartridges 37 by
rotating the developing rotary unit 33 to move the developing cartridge 37k to the developing position opposed to the
photoreceptor drum 32a, and resets the consumption of toner (the number of recording papers to which to provide
image formation) stored in the main memory15 (Step S12). On this occasion, when the developing cartridge 37k is
already positioned at the developing position, the CPU 13 resets the consumption of toner in the main memory 15 by
performing the adjusting operation, such as by rotating the developing rotary unit 33 through one revolution to replenish
the stored toner in the developing cartridge 37k. Additionally, when a warm-up operation, etc. take only a short time
and the printing process is ready to start immediately, it is more advantageous to an improvement in so-called through-
put to omit the stored toner adjusting operation by adopting a configuration such that the consumption of toner in the
main memory 15 is added without rotating the developing rotary unit 33 and without resetting the aforesaid consumption
of toner. However, in this case, it is necessary to take into consideration an amount of toner consumed by the preceding
printing process which amount has been stored in the main memory 15.
[0121] Subsequently, as for the number of recording papers on which to print the received image data (the number
of recording papers will hereinafter be sometimes indicated simply by its number only), the CPU 13 determines whether
or not the remainder obtained by repeating image formation on 40 of the margin consumption (the quantity that remains
after division by 40) falls within 45 of the limit consumption, in other words, whether or not the number of papers S to
be printed satisfies the following expression (Step S13).

[0122] When the above expression is satisfied, the CPU 13 performs the adjusting operation of agitating and replen-
ishing the stored toner in the developing cartridge 37k by rotating the developing rotary unit 33 through one revolution
every 40 of the margin consumption up to the [403(n-1)]-th paper. Thereafter, the CPU 13 selects and sets image
forming control so as to carry on the printing process that ends by the 45th of the limit consumption without performing

40 3 n (number of papers) < S (number of papers) < 40 3 n + 5 (number

of papers) n: integer
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the stored toner adjusting operation for the (403n)-th paper (Step S14). That is, in this case, the developing rotary unit
33 rotates (n-1) times and does not rotate for the n-th time.
[0123] Besides, when the above expression is not satisfied, as per normal, the CPU 13 selects and sets image
forming control for performing the adjusting operation of agitating and replenishing the stored toner in the developing
cartridge 37k by rotating the developing rotary unit through one revolution every 40 of the margin consumption without
setting the limit consumption (Step S15). That is, in this case, the developing rotary unit 33 rotates n times.
[0124] After setting the consumption with the timing of performing this stored toner adjusting operation, the CPU 13
starts driving control over the paper transport device 20 and image recording device 30 for printing the received image
data, thus providing image formation to one or both sides of recording paper (Step S16).
[0125] Subsequently, each time this printing process per recording paper comes to an end, the CPU 13 determines
whether the process of printing the received image data is completed or not (Step S17). When the printing process is
completed, the CPU 13 puts this image forming control to an end accordingly.
[0126] When the printing process is not completed, the CPU 13 determines whether or not the consumption of the
stored toner is the set timing and exceeds 40 of the margin consumption (Step S18). When the cumulative number of
papers subjected to the printing process is beyond 40, the CPU 13 returns directly to Step S16 and carries on the
printing process using the developing cartridge 37k without performing the stored toner adjusting operation by rotating
the developing rotary unit 33. Even when the consumption of the stored toner is beyond 40 recording papers but the
limit consumption is set and simultaneously the rotation number of the developing rotary unit 33 reaches the n-th time,
then the CPU 13 returns directly to Step S16 and carries on the printing process using the developing cartridge 37k
without performing the stored toner adjusting operation by rotating the developing rotary unit 33 through one revolution.
[0127] On the contrary, when the consumption of the stored toner is beyond 40 and the rotation number of the
developing rotary unit 33 is less than n times, regardless of whether the limit consumption is set or not, the CPU 13
performs the adjusting operation of agitating and replenishing the stored toner in the developing cartridge 37k by
rotating the developing rotary unit 33 through one revolution and resets the consumption of toner stored in the main
memory 15 (Step S19). Thereafter, the CPU 13 returns to Step S16 and restarts the printing process using the devel-
oping cartridge 37k.
[0128] Accordingly, before carrying out an image forming job for printing the received image data on recording paper,
the CPU 13 determines the consumption of the stored toner necessary for the printing process. Thus, the rotation of
the developing rotary unit 33 can be avoided from forcibly cutting into the image forming job even when the image
forming job can be completed without performing the stored toner adjusting operation. This enables rapid completion
of the image forming job without any unnecessary interruption.
[0129] In this embodiment, when the image forming apparatus is used capable of forming a color image and a mon-
ochrome image by attaching thereto the developing cartridges 37y, 37m, 37c, and 37k, upon successive formation of
the monochrome image with the developing cartridge 37k positioned at the developing position, the CPU 13 determines
the timing (necessity of the adjusting operation) of starting the operation of adjusting the stored toner in the developing
cartridge 37k by rotating the developing rotary unit 33 through one revolution, in response to the consumption of the
stored toner necessary to process the image forming job. Thereby, the stored toner adjusting operation can be omitted
when the image forming job can be completed if the printing process is carried on as is while repeating the stored toner
adjusting operation with a loose timing. Accordingly, the timing of performing the operation of adjusting the stored toner
in the developing cartridge 37k is controlled so that it possible to avoid an image forming job from being interrupted.
And, an image forming speed (so-called throughput) can be increased by rapidly completing the image forming job.
[0130] Next, Fig. 8 is a diagram showing a fourth embodiment of the image forming apparatus according to the
invention. Additionally, in this embodiment, since the apparatus thereof is configured substantially the same as that of
the aforesaid embodiments, distinctive features will be described by reference to the same drawings (The same applies
to another embodiment to be described below).
[0131] In Figs. 1 to 3, in the main memory 15 of the engine controller 12, the number of grams representing the
consumption of the stored toner used in image formation is set as the margin consumption or limit consumption of
image forming job information. For example, 10g is set as the margin consumption of the consumption of toner obtained
before no more toner to be supplied to the developing roller 37b remains around the supply roller 37d. 11 g obtained
by adding 1g to the margin consumption is set as the limit consumption. Here, in the third embodiment, as the margin
consumption, etc., the number of recording papers equivalent to the consumption of toner is set in the main memory
15. However, the invention is not limited to these parameters, for example, a count value obtained from a counter, the
number of dots in an image, a cumulative developing operation (image formation) time, or a measured amount of toner
remaining are available to the invention.
[0132] As shown in the flowchart of Fig. 9, similar to the third embodiment, upon receipt of an instruction to print
image data of a monochrome image, the CPU 13 of the engine controller 12 switches the developing cartridges 37k
by rotating the developing rotary unit 33 and simultaneously resets the consumption (number of grams) of toner stored
in the main memory 15 (Steps S11 and S12).
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[0133] Thereafter, as for the stored toner necessary to print the received image data, the CPU 13 determines whether
or not the remainder obtained by repeating image formation of 10g of the margin consumption (the quantity that remains
after division by 10g) falls within 11 g of the limit consumption, in other words, whether or not an anticipated consumption
s satisfies the following expression (Step S13).

[0134] When the above expression is satisfied, the CPU 13 performs the adjusting operation of agitating and replen-
ishing the stored toner in the developing cartridge 37k by rotating the developing rotary unit 33 through one revolution
every 10g of the margin consumption up to [103(n-1)] g. Thereafter, the CPU 13 selects and sets image forming control
so as to carry on the printing process that ends by 11 g of the limit consumption without performing the stored toner
adjusting operation for the (103n)g-th time (Step S24). That is, in this case, the developing rotary unit 33 rotates (n-
1) times and does not rotate for the n-th time.
[0135] Besides, when the above expression is not satisfied, as per normal, the CPU 13 selects and sets image
forming control for performing the adjusting operation of agitating and replenishing the stored toner in the developing
cartridge 37k by rotating the developing rotary unit through one revolution every 10g of the margin consumption without
setting the limit consumption (Step S25). That is, in this case, the developing rotary unit 33 rotates n times.
[0136] After setting the consumption for performing this stored toner adjusting operation, similar to the third embod-
iment, the CPU 13 starts driving control over the paper transport device 20 and image recording device 30 for printing
the received image data. Then, the CPU 13 repeats the stored toner adjusting operation by rotating the developing
rotary unit 33 through one revolution until the process of printing one or both sides of each recording paper comes to
an end, and carries on the printing process using the developing cartridge 37k (Steps S16 and S17).
[0137] On this occasion, when the consumption of the stored toner in the developing cartridge 37k is not beyond
10g, or even when the consumption of the stored toner is beyond 10g but the limit consumption is set and simultaneously
the rotation number of the developing rotary unit 33 reaches the n-th time, then the CPU 13 returns directly to Step
S16 and carries on the printing process using the developing cartridge 37k without performing the stored toner adjusting
operation by rotating the developing rotary unit 33 through one revolution.
[0138] On the contrary, when the consumption of the stored toner is beyond 10g and simultaneously the rotation
number of the developing rotary unit 33 is less than n times, the CPU 13 performs the adjusting operation of agitating
and replenishing the stored toner in the developing cartridge 37k by rotating the developing rotary unit 33 through one
revolution and resets the consumption of toner stored in the main memory 15 (Step S19). Thereafter, the CPU 13
returns to Step S16 and restarts the printing process using the developing cartridge 37k.
[0139] Thus, even in this embodiment, the same working effect as the third embodiment can be obtained, and the
operation of adjusting the stored toner in the developing cartridge 37k by rotating the developing rotary unit 33 through
one revolution is performed based on the actual consumption of the stored toner. Therefore, the margin consumption
and limit consumption are set with better accuracy, thus enabling precision driving control.
[0140] Next, Fig. 9 is a diagram showing a fifth embodiment of the image forming apparatus according to the invention.
[0141] In Figs. 1 to 3, similar to the third and fourth embodiments, in the main memory 15 of the engine controller
12, image formation on 40 recording papers and also 10g of the consumption of the stored toner to be used in the
image formation are set as the margin consumption of image forming job information. Besides, image formation on 45
recording papers and also 11 g of the consumption of the stored toner are set as the limit consumption.
[0142] In the aforesaid embodiments, the CPU 13 of the engine controller 12 determines and sets the timing of
performing the operation of adjusting the stored toner in the developing cartridge 37k by rotating the developing rotary
unit 33 through one revolution. In this embodiment, instead, the CPU 13 processes an image forming job and, in parallel,
determines the necessity of the operation of adjusting the stored toner in the developing cartridge 37k and carries out
the adjusting operation when needed.
[0143] Specifically, as shown in the flowchart of Fig. 9, similar to the first and fourth embodiments, upon receipt of
an instruction to print image data of a monochrome image, the CPU 13 switches the developing cartridges 37k by
rotating the developing rotary unit 33 and simultaneously resets the consumption of toner (number of recording papers
and number of grams) stored in the main memory 15 (Steps S11 and S12).
[0144] Thereafter, before setting the timing of (the consumption of toner for) performing the stored toner adjusting
operation, the CPU 13 starts driving control over the paper transport device 20 and image recording device 30 for
printing the received image data, thus providing image formation to one or both sides of recording paper (Step S33).
[0145] In this embodiment, each time upon end of the printing process per recording paper, the CPU 13 determines
whether or not the consumption of toner is such as not to need the replenishment of the stored toner to the supply
roller 37d of the developing cartridge 37k, for example, whether or not the cumulative number of recording papers to
which to provide successive image formation (printing) is 40 or smaller and (AND condition) an actual cumulative

10 3 n (g) < s (g) < 10 3 n + 1 (g) n: integer
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amount of toner consumed based on the number of dots in an image, etc. is 10g or smaller (Step S34). In this embod-
iment, the determination is made from the AND condition that satisfies both conditions but, needless to say, the invention
is not limited thereto. The determination may be made from an OR condition that satisfies any one of the conditions.
[0146] When the thus far provided image formation of image data does not satisfy one of the both conditions, then,
as it stands, the CPU 13 adds 1 to the cumulative number of papers printed in succession and also adds an actual
cumulative consumption to the cumulative amount of toner consumed (Step S35). Thereafter, the CPU 13 determines
whether the process of printing the received image data is completed or not (Step S36). When the process of printing
the image data is completed, the CPU 13 puts this image forming control to an end accordingly. And, when the printing
process is not completed, the CPU 13 returns to Step S33 and carries on the printing process using the developing
cartridge 37k without performing the stored toner adjusting operation by rotating the developing rotary unit 33.
[0147] On the contrary, when the thus far provided image formation of image data satisfies the both conditions, the
CPU 13 calculates and obtains the number of recording papers on which to print the unprocessed image data out of
the received image data and the consumption of toner anticipated to be necessary to perform image formation on the
aforesaid number of recording papers (Step S37).
[0148] Subsequently, when the anticipated consumption of toner is 1 g or smaller of the difference between the
margin consumption and the limit consumption and also the number of papers on which to print the unprocessed image
data is 5 or smaller, then the CPU 13 returns directly to Step S33. And, the CPU 13 carries on the printing process
using the developing cartridge 37k without performing the stored toner adjusting operation by rotating the developing
rotary unit 33 (Steps S38 and S39).
[0149] On the contrary, when the anticipated consumption of toner necessary for the process of printing the unproc-
essed image data is not 1 g or smaller of the difference between the margin consumption and the limit consumption
or the number of papers on which to print the unprocessed image data is not 5 or smaller, then the CPU 13 performs
the adjusting operation of agitating and replenishing the stored toner in the developing cartridge 37k by rotating the
developing rotary unit 33 through one revolution. And, the CPU 13 resets the number of papers printed in succession
and a cumulative value of the consumption of toner (consumption of toner) that are stored in the main memory 15
(Steps S40 and S41). Thereafter, the CPU 13 returns to Step S33 and restarts the printing process using the developing
cartridge 37k.
[0150] Accordingly, each time upon printing the received image data on recording paper, the CPU 13 determines the
consumption of toner necessary for an image forming job to be carried out from now. Thus, the rotation of the developing
rotary unit 33 can be avoided from forcibly cutting into the image forming job even when the image forming job can be
completed without performing the stored toner adjusting operation. This enables rapid completion of the image forming
job without any unnecessary interruption.
[0151] Even in this embodiment, the same working effect as the third and fourth embodiments can be obtained, and
the operation of adjusting the stored toner in the developing cartridge 37k by rotating the developing rotary unit 33
through one revolution is performed based on the number of recording papers printed and the actual consumption of
the stored toner. Therefore, the margin consumption and limit consumption are utilized with higher reliability, thus
enabling precision driving control.
[0152] Here, in the third through fifth embodiments, the image forming apparatus is used capable of forming images
ranging from a color image to a monochrome image on recording paper by housing in the developing rotary unit 33
the developing cartridges 37y, 37m, 37c, and 37k storing therein the toners of yellow (Y), cyan (C), magenta (M), and
black (K). However, the invention is not limited thereto, but is also applicable to, for example, an image forming appa-
ratus that is used as an apparatus for exclusive use in forming the monochrome image by housing in the developing
rotary unit 33 four developing cartridges 37k storing the toner of black (K) therein. Specifically, the invention is applicable
to an image forming apparatus that performs image forming control so that the developing rotary unit 33 is rotated 90°
or more at the timing of requiring the adjusting operation of agitating and replenishing the stored toner in any of the
developing cartridges 37k while positioning the any of the developing cartridge 37k at the developing position opposed
to the photoreceptor drum 32a.
[0153] Besides, in the third through fifth embodiments, it is determined whether the operation of adjusting the stored
toner in the developing cartridge 37k by rotating the developing rotary unit 33 is required at the last timing or not, thus
carrying out the stored toner adjusting operation. However, the invention is not limited thereto. For example, in image
forming control over the received image data, when the stored toner adjusting operation is performed less frequently
for each limit consumption than for each margin consumption, the limit consumption can be used as a stored toner
adjusting operation timing. In this case, needless to say, the configuration may be such that a set consumption at the
stored toner adjusting operation timing is processed by averaging to make as much allowance as possible.
[0154] Furthermore, in the third through fifth embodiments, as an example, the case of individually processing the
image forming job information (consumptions of toner) of image data of plural pages from the personal computer PC.
However, the invention is not limited thereto. For example, the configuration may be such that upon receipt of the image
forming job information of per-page image data or that of separate image data from the personal computer PC, as in
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the fifth embodiment, the timing of performing the stored toner adjusting operation can be re-set while linking these
image forming job information together.
[0155] Next, Fig. 10 is a developed plan view showing a toner image forming position on an intermediate transfer
belt and a region for performing a developing cartridge switching operation according to a sixth embodiment. In this
embodiment, since the apparatus thereof is configured substantially the same as that of the aforesaid embodiments,
by reference to the same drawings, distinctive features will be described with similar parts identified by like reference
numerals.
[0156] The intermediate transfer belt 34 circulates and rotates, while the developing rotary unit 33, particularly to
form a color image, need sequentially switch the developing cartridges 37 for developing a toner image. Consequently,
when the size (length) of recording paper designed capable of forming a color image thereon is set to A size for example,
as shown in Fig. 10, it is necessary that this intermediate transfer belt 34 meet the following necessities. That is, the
intermediate transfer belt 34 need carry a toner image a4 to be transferred to the A4 size recording paper. And, the
intermediate transfer belt 34 need secure a time t1 during which the developing cartridge 37 switching operation is
completed within a time (so-called time between adjacent papers) T required to rotationally move the distance between
the trailing end of one recording paper A4 and the leading end of the next recording paper A4. To meet such necessities,
the intermediate transfer belt 32 is formed to have, in addition to a region A4 in which to provide the A4 size recording
paper A4 with image formation, a belt length L including a region between adjacent papers T for securing a rotational
movement period longer than or equal to a time equivalent to the time between adjacent papers T.
[0157] In other words, when the four developing cartridges 37k are attached to the developing rotary unit 33 and a
monochrome toner image is to be successively formed on this intermediate transfer belt 34 and transferred to the
recording paper, similarly, it is possible to switch one developing cartridge 37k to the adjacent developing cartridge
37k within the time between adjacent papers T of the A4 size recording paper. Consequently, even to form a mono-
chrome image on the A4 size recording paper, the developing cartridges 37k are switched for each rotation of the
intermediate transfer belt 34 (for each development, for each recording paper) to develop an electrostatic latent image
on the photoreceptor drum 32a, thus enabling image formation. Additionally, within the time between adjacent papers
T of recording paper, preparation times a2 for smoothly performing the switching operation in succession are secured
before and after the developing cartridge 37 switching operation time t1.
[0158] When the developing cartridges 37k are not to be switched for each development, image formation can also
be provided as follows based on the shims 34a (other bases may be adopted, e.g., the rotation of the photoreceptor
drum 32a may be used as the base). That is, for example, as shown in Fig. 11, a toner image forming position (carrying
position) on the intermediate transfer belt 34 is shifted downstream with respect to the direction of rotation of the
intermediate transfer belt 34. Thereby, in the case of a monochrome image, a toner image is carried even in the region
between adjacent papers T of the intermediate transfer belt 34 and transferred to the recording paper A4, thus also
enabling image formation.
[0159] Consequently, when being utilized as an apparatus for exclusive use in forming a monochrome image by
attaching the four developing cartridges 37k to the developing rotary unit 33, this image forming apparatus is configured
to carry out image forming control for optimally performing the timing of switching the developing cartridges 37k and
the toner image forming position on the intermediate transfer belt 34, in response to image forming job information to
be executed. That is, as with the color image, the monochrome image can be successively formed by performing image
forming control for switching the developing cartridges 37k for each rotation of the intermediate transfer belt 34 (for
each recording paper). Otherwise, in response to the image forming job information to be executed, the monochrome
image can be successively formed by reducing the frequency of switching the developing cartridges 37k at the timing
of requiring the adjusting operation of agitating and replenishing the stored toner and also by performing image forming
control for forming the toner image a4 even in the region between adjacent papers T on the intermediate transfer belt 34.
[0160] Specifically, the CPU 13 of the engine controller 12 is configured to, after power on, carries out various control
operations in accordance with the control program in the ROM 14. Thus, upon power on or replacement of the devel-
oping cartridges 37, the CPU 13 performs the noncontact communication routed through the connectors 43 and 44
and thereby holds (stores) in the main memory 15 the presence/absence of the developing cartridges 37 within the
housing positions of the developing rotary unit 33. Besides, this CPU 13 sequentially reads the variety of information
written in the nonvolatile memories 42 of the developing cartridges 37 via the connectors 43 and 44 and holds in the
main memory 15 the position information per developing cartridge 37, the color information and consumption (remaining
amount) of toner, etc. Furthermore, during the image forming operation or after the end of image formation, this CPU
13 writes and rewrites the variety of information, such as an amount of toner consumed by the image formation, to the
nonvolatile memories 42 of the developing cartridges 37 via the connectors 43 and 44.
[0161] On this occasion, when knowing that the developing cartridges 37y, 37m, 37c, and 37k storing therein the
color toners of yellow (Y), cyan (C), magenta (M), and black (K) are placed in the developing rotary unit 33, the CPU
13 performs general image forming control to rotate the developing rotary unit 33 in response to image data transmitted
from the controller 11, thereby recording and forming a color image or a monochrome image on one or both sides of
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recording paper. In other words, each time upon receiving an instruction to print the image data, the developing car-
tridges 37 of the individual color toners attached to the developing rotary unit 33 operate as being appropriately switched
in response to the kind of images based on the image data. Thereby, in the developing cartridges 37y, 37m, 37c, and
37k, the supply rollers 37d for supplying the stored toners to the developing rollers 37d are also supplied with the stored
toners as the developing rotary unit 33 rotates.
[0162] On the other hand, when grasping the image forming apparatus is utilized as an apparatus for exclusive use
in forming a monochrome image with the four developing cartridges 37k storing the toner of black (K) therein attached
to the developing rotary unit 33, the CPU 13 carries out image forming control corresponding to image forming job
information for recording and forming the received image data. That is, based on the image forming job information,
the CPU 13 carries out image forming control for selecting and setting the toner image forming position on the inter-
mediate transfer belt 34 and the timing of switching the developing cartridges 37k, thereby recording and forming the
monochrome image, corresponding to the image data transmitted from the controller 11, on one or both sides of re-
cording paper. Additionally, in the case of image forming job information for recording and forming image data on both
sides of recording paper, the developing cartridges 37k can be switched within a recording paper inverting period in
which the photoreceptor drum 32a and intermediate transfer belt 34 are stopped in synchronism with each other.
Therefore, a speed at which to complete image formation, i.e., a so-called throughput will not vary significantly according
to whether or not the developing cartridges 37k are switched for each recording paper. Consequently, a description
will hereinafter be given of image forming job information for recording and forming image data on one side of recording
paper.
[0163] Here, in the main memory 15 of the engine controller 12, the kind of images and various parameters are pre-
set as criteria of determination by which the toner image forming position on the intermediate transfer belt 34 and the
timing of switching the developing cartridges 37k are selected in response to the image forming job information. The
kind of images indicates whether the image is a color image or a monochrome image, and the various parameters
relates to the size (length) of recording paper on which to record and form image data and the number of recording
papers on which to print the image data. Thus, the CPU 13 uses the various parameters of the image forming job
information to select and set the toner image forming position on the intermediate transfer belt 34 and the timing of
switching the developing cartridges 37k.
[0164] For example, as a parameter used in forming a monochrome image on one side of A4 size recording paper,
various data such as follows are set in the main memory 15. In the case of an apparatus for exclusive use of this
monochrome image, the timing of switching the developing cartridges 37k is not selected in response to whether the
received image data is of color image or of monochrome image.
[0165] A time required to provide image formation to A4 size recording paper (so-called process speed): s = 1.8
seconds
[0166] A time required to move the intermediate transfer belt 34 at a distance between adjacent papers thereon : T
= 0.4 seconds
[0167] A time required to perform a switching operation of a developing cartridge (90° revolution) within the time for
the distance between adjacent papers T: t1 = 0.2 seconds
[0168] A preparation time for the distance between adjacent papers when the developing cartridges 37k are not
switched: t2 = 0.2 seconds
[0169] A stored toner adjusting operation time required to rotate the developing rotary unit through one revolution:
U = 5 seconds
[0170] The timing of requiring the stored toner adjusting operation (image formation cycle): m = 15 papers
[0171] As shown in the flowchart of Fig. 12, the CPU 13 receives from the controller 11 an instruction to print image
data of a monochrome image (Step S11). Then, the CPU 13 obtains the image forming time s corresponding to the
size of recording paper on which to print the image data and the number n of recording papers on which to print the
image data (Step S12). Thus, the CPU 13 uses the following expression to compare a time (Expression A) required
for a printing process A and a time (Expression B) required for a printing process B and determine which printing
process can complete image formation earlier (Step S13). The printing process A is for successively forming a mon-
ochrome image on the recording paper by shifting the toner image forming position on the intermediate transfer belt
34, to the upstream side, with the developing cartridge 37k remaining positioned at the developing position opposed
to the photoreceptor drum 32a. The printing process B is for successively forming a monochrome image while switching
the developing cartridges 37k to be set at the developing position for each recording paper, as with the color image.

wherein int means that the quotient is converted to an integer.
[0172] From this comparison result, when the printing process A takes less time, with the developing cartridge 37k

B [(s + T) 3 n] > A [(s + t2) 3 N + int (n/m) 3 U],



EP 1 577 712 A2

5

10

15

20

25

30

35

40

45

50

55

21

remaining fixed to the developing position without rotating the developing rotary unit, the CPU 13 selects and sets a
monochrome sequence of fixed mode for successively forming the monochrome image by shifting the toner image
forming position on the intermediate transfer belt 34, to the upstream side, so as to omit the region between adjacent
papers T in the period of switching the aforesaid developing cartridge 37k (Step S14). On the contrary, when the printing
process B takes less time, as with the color image formation, the CPU 13 selects and sets a color sequence of rotary
mode for successively forming the monochrome image while switching the developing cartridges 37k by rotating the
developing rotary unit 33 through an angle of 90° for each recording paper (Step S15).
[0173] Thereafter, before starting the printing process, the CPU 13 rotates the developing rotary unit 33 and switches
the developing cartridges 37k so that the adjusted developing cartridge 37k having the stored toner agitated and re-
plenished is moved to the developing position opposed to the photoreceptor drum 32a (Step S12). Thereafter, in ac-
cordance with the selection and setting of the monochrome sequence or color sequence, the CPU 13 starts driving
control over the paper transport device 20 and image recording device 30 for printing the received image data, thus
forming the monochrome image on one side of the recording paper (Step S17).
[0174] Subsequently, the CPU 13 determines whether or not the process of printing the received data is completed
for each recording paper of this printing process (Step S18). When the printing process is completed, the CPU 13 puts
this image forming control to an end accordingly, while when the printing process is not completed, the CPU 13 deter-
mines the necessity of switching the developing cartridges 37k (Step S19).
[0175] From this determination result, when the color sequence for providing image formation while switching the
developing cartridges 37k is selected, or when the monochrome sequence is selected and the adjustment, etc. of
agitating and replenishing the stored toner of the developing cartridge 37k fixed to the developing position exceed a
necessary amount of image formation, the CPU 13 determines that the aforesaid developing cartridge 37k is required
to be switched and returns to Step S16. Then, the CPU 13 rotates the developing rotary unit 33 to perform the switching
operation of moving the next developing cartridge 37k to the developing position and, thereafter, carries on the process
of printing the remaining image data.
[0176] On the contrary, when the monochrome sequence is selected and the adjustment of agitating and replenishing
the stored toner of the developing cartridge 37k in use is not beyond the necessary amount of image formation, the
CPU 13 returns to Step S17 and carries on the printing process using the same developing cartridge 37k without
rotating the developing rotary unit 33.
[0177] Accordingly, the printing process can be rapidly completed by selecting, based on the size and number of
recording papers on which to record and form the received image data, the color sequence for successively forming
the monochrome image while switching the developing cartridges 37 to be set at the developing position, or the mon-
ochrome sequence for successively forming the monochrome image with the developing cartridge 37k fixed to the
developing position as long as possible while shifting to the upstream side the toner forming position on the intermediate
transfer belt 34.
[0178] Specifically, for example, when the monochrome image is successively formed on 10 to 1000 recording pa-
pers, the following selection result is obtained by making a comparison using the monochrome sequence (Expression
A) and the color sequence (Expression B).

10 papers: Expression A = 20 seconds, Expression B = 22 seconds, using the monochrome sequence;
20 papers: Expression A = 45 seconds, Expression B = 44 seconds, using the color sequence;
30 papers: Expression A = 65 seconds, Expression B = 66 seconds, using the monochrome sequence;
40 papers: Expression A = 90 seconds, Expression B = 88 seconds, using the color sequence; and
100 papers: Expression A = 230 seconds, Expression B = 220 seconds, using the color sequence.

[0179] Thus, in this embodiment, when the image forming apparatus is used as an apparatus for exclusive use in
forming a monochrome image by attaching thereto the four developing cartridges 37k storing the toner of black (K)
therein, image formation can be provided by effectively utilizing the length of the intermediate transfer belt 34. And,
image formation can be efficiently performed by selecting the color sequence or the monochrome sequence in response
to the size of recording paper on which to record and from the received image data and the number of recording papers
on which to print the image data. Accordingly, it is possible to improve a speed at which to complete image formation
(so-called throughput).
[0180] Here, this embodiment describes, as an example, the case in which the image forming apparatus is used as
an apparatus for exclusive use in forming a monochrome image by attaching the four developing cartridges to the
developing rotatry unit 33. However, the invention is not limited thereto but is also applicable to the case in which the
image forming apparatus is used capable of forming a color image. Specifically, upon receipt of image data for forming
a monochrome image, the toner image forming position on the intermediate transfer belt 34 is shifted toward the up-
stream side, thus also enabling rapid completion of recording and forming of the image data. In this case, needless to
say, a device (e.g., agitator device or auger device) for performing the adjusting operation of agitating and replenishing
the stored toner may be provided in the developing cartridge 37k.
[0181] Besides, this embodiment describes, as an example, the case of providing image formation to A4 size re-
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cording paper. However, the invention is not limited thereto. For example, in the case of providing image formation to
B5 size recording paper, the position of the toner image a4 to be transferred to and formed on the intermediate transfer
belt 34 is shifted further to the rotation-direction upstream side, thus enabling rapider completion of recording and
forming of the image data.
[0182] Furthermore, in this embodiment, the case of rotating the developing rotary unit through one revolution is
described as the adjusting operation of agitating and replenishing the stored toner in the developing cartridge 37k using
the monochrome sequence. However, the invention is not limited thereto. For example, needless to say, the adjusting
operation may be performed by rotating the developing rotary unit 33 through an angle of 90° or more.
[0183] Although the invention has been illustrated and described for the particular preferred embodiments, it is ap-
parent to a person skilled in the art that various changes and modifications can be made on the basis of the teachings
of the invention. It is apparent that such changes and modifications are within the spirit, scope, and intention of the
invention as defined by the appended claims.
[0184] The present application is based on Japan Patent Application No. 2004-078276 filed on March 18, 2004,
Japan Patent Application No. 2004-078277 filed on March 18, 2004 and Japan Patent Application No. 2004-078278
filed on March 18, 2004, the contents of which are incorporated herein for reference.

Claims

1. An image forming apparatus, comprising:

a carrier on which an electrostatic latent image is formed;
a plurality of development cartridges which develop the electrostatic latent image with toner to form a toner
image, and which store the same color toners;
a rotary unit on which the developing cartridges are mounted around a rotational shaft of the rotary unit, and
which rotates the developing cartridges about the rotational shaft so as to oppose any of the developing car-
tridges to the carrier;
an intermediate transfer belt which receives the toner image formed on the carrier and which moves rotationally
to transfer the toner image to a recording medium; and
a controller which controls a rotation of the rotary unit for switching the developing cartridges and a driving of
the developing cartridges to form the toner image,

wherein the intermediate transfer belt has an image forming region and a non-image forming region;
wherein a length of the intermediate transfer belt is set such that a length of the image forming region is

corresponded to a length of a set recording medium having a predetermined size and a length of the non-image
forming region is corresponded to a distance between a rear end of the preceding one of the set recording mediums
and the front end of the subsequent one in the transferring process of the toner image to the recording medium;

wherein a rotational movement period of the intermediate transfer belt corresponding to the length of the
non-image forming region is equal to or greater than a time required for switching the developing cartridges; and

wherein the controller performs an switching operation of the developing cartridges in accordance with a size
of a recording medium for performing an image formation.

2. The image forming apparatus as set forth in claim 1, wherein the controller consecutively forms an image by
switching the developing cartridges for each rotation of the intermediate transfer belt when the size of the recording
medium for performing the image formation is equal to or smaller than the set recording medium.

3. The image forming apparatus as set forth in claim 1, wherein the controller consecutively forms an image without
switching the developing cartridges when the size of the recording medium for performing the image formation is
greater than the set recording medium.

4. An image forming apparatus, comprising:

a carrier on which an electrostatic latent image is formed;
a plurality of development cartridges which develop the electrostatic latent image with toner to form a toner
image, and which store different color toners for forming a color image, a multicolor image, or a monochrome
image;
a rotary unit on which the developing cartridges are mounted around a rotational shaft of the rotary unit, and
which rotates the developing cartridges about the rotational shaft so as to oppose any of the developing car-
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tridges to the carrier;
an intermediate transfer belt which receives the toner image formed on the carrier and which moves rotationally
to transfer the toner image to a recording medium; and
a controller which controls a rotation of the rotary unit for switching the developing cartridges and a driving of
the developing cartridges to form the toner image,

wherein the intermediate transfer belt has an image forming region and a non-image forming region;
wherein a length of the intermediate transfer belt is set such that a length of the image forming region is

corresponded to a length of a set recording medium having a predetermined size and a length of the non-image
forming region is corresponded to a distance between a rear end of the preceding one of the set recording mediums
and the front end of the subsequent one in the transferring process of the toner image to the recording medium;

wherein a rotational movement period of the intermediate transfer belt corresponding to the length of the
non-image forming region is equal to or greater than a time required for switching the developing cartridges; and

wherein the controller performs an image formation on a recording medium of a size which is greater than
the set recording medium of the size in a monochrome image operation without switching the developing cartridges.

5. The image forming apparatus as set forth in claim 4, wherein when the image formation on the recording medium
of the size which is greater than the set recording medium of the size in the monochrome image operation is
performed, the non-image forming region of the intermediate transfer belt receives the toner image for transferring
to the recording medium.

6. The image forming apparatus as set forth in claim 1, wherein the controller adjusts the toner stored for successively
forming the image so as to invert the developing cartridges upside down in accordance with the rotation of the
rotary unit.

7. The image forming apparatus as set forth in claim 4, wherein the controller adjusts the toner stored for successively
forming the image so as to invert the developing cartridges upside down in accordance with the rotation of the
rotary unit.

8. An image forming apparatus, comprising:

a carrier on which an electrostatic latent image is formed;
a plurality of development cartridges which develop the electrostatic latent image with toner to form a toner
image;
a rotary unit on which the developing cartridges are mounted around a rotational shaft of the rotary unit, and
which rotates the developing cartridges about the rotational shaft so as to oppose any of the developing car-
tridges to the carrier; and
a controller which controls a rotation of the rotary unit for switching the developing cartridges and a driving of
the developing cartridges to form the toner image,

wherein the controller adjusts the toner stored in the developing cartridge for successively forming the image
so as to invert the developing cartridges upside down by rotating the rotary unit based on image forming job
information for executing an image formation.

9. The image forming apparatus as set forth in claim 8, wherein the image forming job information includes a con-
sumption amount of the toner stored in the developing cartridge which is positioned at a developing position op-
posed to the carrier; and

wherein a margin consumption amount and a limit consumption amount are set;
wherein the limit consumption amount indicates that a toner amount stored in the developing cartridge is

near end amount;
wherein the margin consumption amount indicates that the toner amount stored in the developing cartridge

is a toner amount in which a little margin toner amount is added to the limit consumption amount; and
wherein when a job toner consumption amount required to execute the image forming job is smaller than

the limit consumption amount even when the job toner consumption amount exceeds the margin consumption
amount, the controller completes the image forming job without performing an operation of adjusting the toner
stored in the developing cartridge.

10. The image forming apparatus as set forth in claim 8, wherein the development cartridges storing different color
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toners for forming a color image, a multicolor image, or a monochrome image are mounted on the rotary unit; and
wherein the controller rotates the rotary unit for one revolution to perform the operation of adjusting the toner

stored in the developing cartridge in the monochrome image formation.

11. The image forming apparatus as set forth in claim 8, wherein the development cartridges storing the same color
toners for forming a monochrome image are mounted on the rotary unit; and

wherein the controller performs the operation of adjusting the toner stored in the developing cartridge to be
used in successively forming the monochrome image without rotating the rotary unit, by rotating the rotary unit
through an angle equal to or greater than an angle required to switch from the developing cartridge positioned at
a developing position opposed to the carrier to another developing cartridge adjacent thereto.

12. An image forming apparatus, comprising:

a carrier on which an electrostatic latent image is formed;
a plurality of development cartridges which develop the electrostatic latent image with toner to form a toner
image;
a rotary unit on which the developing cartridges are mounted around a rotational shaft of the rotary unit, and
which rotates the developing cartridges about the rotational shaft so as to oppose any of the developing car-
tridges to the carrier;
an intermediate transfer belt which receives the toner image formed on the carrier and which moves rotationally
to transfer the toner image to a recording medium;
a transporting member which transports the recording medium to a transfer position for transferring the toner
image to the recording medium; and
a controller which controls operations of the carrier, the rotary unit, the development cartridges, the interme-
diate transfer belt and the transporting member,

wherein the intermediate transfer belt has an image forming region and a non-image forming region;
wherein a length of the intermediate transfer belt is set such that a length of the image forming region is

corresponded to a length of a set recording medium having a predetermined size and a length of the non-image
forming region is corresponded to a distance between a rear end of the preceding one of the set recording mediums
and the front end of the subsequent one in the transferring process of the toner image to the recording medium;

wherein a rotational movement period of the intermediate transfer belt corresponding to the length of the
non-image forming region is equal to or greater than a time required for switching the developing cartridges; and

wherein the controller controls a forming position of the toner image for transfer to the intermediate transfer
belt and a timing of rotating the rotary unit, based on image forming job information for executing an image forma-
tion.

13. The image forming apparatus as set forth in claim 12, wherein the image forming job information is information
regarding whether image data of the image forming job is a color image or a monochrome image.

14. The image forming apparatus as set forth in claim 12, wherein the image forming job information is information
regarding a size and number of recording medium required to execute the image forming job information.

15. The image forming apparatus as set forth in claim 12, wherein the intermediate transfer belt receives the toner
images at all around surface of the intermediate transfer belt; and

wherein the controller controls so that at least a timing of forming the electrostatic latent image on the carrier
and a timing of transporting the recording medium by the transporting member are matched with each other at the
transfer position on the intermediate transfer belt.

16. The image forming apparatus as set forth in claim 12, wherein the controller adjusts the toner stored in the devel-
oping cartridge for successively forming the image so as to invert the developing cartridges upside down in ac-
cordance with the rotation of the rotary unit.

17. The image forming apparatus as set forth in claim 12, wherein during the period in which an image formation based
on the image forming job information is completed while using the same developing cartridge, the controller forms
a toner image on the intermediate transfer belt so as to narrow the distance between the rear end of the preceding
one of the recording mediums and the front end of the subsequent one, without switching the developing cartridge
opposed to the carrier.
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18. The image forming apparatus as set forth in claim 12, wherein the development cartridges storing different color
toners for forming a color image, a multicolor image, or a monochrome image are mounted on the rotary unit by
switching the developing cartridge positioned at a developing position; and

wherein the controller performs the operation of adjusting the toner stored in the developing cartridge in the
monochrome image formation, by rotating the rotary unit for one revolution.

19. The image forming apparatus as set forth in claim 12, wherein the development cartridges storing the same color
toners for forming a monochrome image are mounted on the rotary unit; and

wherein the controller performs the operation of adjusting the toner stored in the developing cartridge to be
used in forming the monochrome image without rotating the rotary unit, by rotating the rotary unit through an angle
equal to or greater than an angle required to switch from the developing cartridge positioned at a developing
position opposed to the carrier to another developing cartridge adjacent thereto.
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